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THE INFLUENCE OF LAUNDERING ON SOME COTTON AND 
LINEN FABRICS 
MARION GRIFFITH, THELMA SPRAGUE and VERA BERG with RACHEL EDGAR 
From the Chemical Laboratory of Iowa State College 
Accepted for Publication, November 19, 1928 
The factors influencing the service of a fabric are the construction of 
the fabric and the treatment the fabric receives in use and cleansing. The 
factor fabric construction has been studied, in the case of eleven fabrics 
listed in Table I, as to the effect of repeated laundering, that is, washing 
and ironing without soiling, upon the thickness, weight, inorganic content 
and dry and wet breaking strengths. The effect of moist heat at 120°C. 
and 20 pounds pressure on the dry warp breaking strength of unbleached, 
bleached, and mercerized cotton sheeting and bleached linen sheeting was 
studied because sheeting is sterilized under these conditions in hospital 
practise. 
Experimental 
A list of the fabrics laundered is given in Table I. 
TABJ.JE I. 
Price per 
-:---==--=--=--F_a_b,...r_,ic:-s-.,.,---...,..--.,..,.---------=C-=--on_,s_t_ru_c_ti_:· o_n ________ ,yd.' 
A. Unbleached cotton sheeting Plain weave $0.20 
B. Bleached cotton sheeting Plain weave 0.22 
C. Mercerized cotton sheeting Plain weave 0.72 
D. Unbleached linen sheeting Plain weave 0.71 
E. Bleached linen sheeting Plain weave 0.69 
F. Linen-finished cotton, shirting Plain weave 0.35 
G. Pe1·manent·finished cotton shirting Plain weave 0.35 
H. Silver-bleached linen table damask 5-Leaf satin, snow drop pattern 1.04 
1. Bleached linen table damask 5-Leaf satin 1.75 
J. Mercerized and schreinerized 
cotton table damask 
K. Permanent-finished a.nd schreinerized 
cotton table damask 
5-Leaf satin, stripe pattern 0.43 
5-Leaf satin, stripe pattern 0.60 
The table damasks had backgrounds of warp-face satin and Jacquard 
figure weaves of filling-face satin on the right surface with the order re-
versed for the other surface. 
Table II is an analysis of the new and of the once laundered fabrics. 
There were eut from each fabric four two-yard lengths which were 
hemmed before being washed in laundry nets for 1,100, 150 and 200 times. 
The fabrics were laundered at the College Laundry in an American Laun-
dry Machine by a method similar to that used by commercial laundries. 
The fabrics, in the proportion of 60 pounds of fabrics to 40 gallons of water 
and 1 pound of powdered soap, were washed for 15 minutes at 140°F. 
Then two quarts of bleach (10 pounds of bleaching powder and 30 pounds 
of soda ash to 40 gallons of water) were added and the washing continued 
for 10 minutes. The fabrics were given two rinses at 140°F. followed by 
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TABLE II. 
Shrinkage 
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bl) 
... 
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.a o! ~ o! ~ "' ~ <11 
I Ounces I Ounces I Inches I Inches I Pct I Pct. I Pct. I Pct. 
I 
I 
I 
I 
5.00 
4.81 
3.89 
4.87 
4.77 
5.05 
5.25 
6.08 
5.06 
4.46 
5.60 
4.73 
4.89 
3.72 
4.52 
4.45 
5.05 
5.15 
5.35 
5.05 
4.32 
5.43 
I 
I 
0.0128 
0.0097 
0.0068 
0.0085 
0.0088 
0.0104 
0.0108 
0.0101 
0.0063 
0.0074 
0.0079 
0.0136 
0.0113 
0.0079 
0.0136 
0.0106 
0.0144 
0.0134 
0.0154 
0.0104 
0.0156 
0.0139 
4.3 
1.6 
0.2 
4.3 
0.4 
0.4 
0.0 
2.1 
2.2 
0.5 
0.9 
1.45 
0.07 
0.06 
1.51 
1.30 
0.02 
0.03 
0.28 
0.14 
0.06 
0.39 
8.9 
5.4 
5.4 
5.4 
6.3 
3.6 
3.0 
5.4 
2.2 
7.2 
2.7 
I 
I 
6.3 
+2.7 
0.9 
7.1 
2.7 
2.1 
2.8 
+4.2 
+o.5 
+0.2 
0.9 
Yarns per inch I Yarn count 
A 
~ 
~ 
67.5 
75.1 
109.2 
48.7 
67.8 
52.0 
52.0 
61.3 
77.0 
61.2 
79.7 
bO 
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~ 
71.7 
65.3 
105.7 
48.2 
64.7 
45.0 
44.0 
51.1 
.66.0 
42.0 
78.6 
bO 
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~ ~ 
I Hanks I Hanks 
17.9 
21.5 
34.2 
11.7 
16.7 
13.8 
13.8 
13.4 
20.4 
17.7 
22.5 
21.3 
20.4 
40.0 
15.9 
18.6 
13.2 
13.2 
11.5 
20.7 
14.5 
17.7 
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TABLE II-(Continued.) 
Breaking strength of fabric 
:fl Dry I Wet !lll ~ ~ Warp I Filling I Warp I Filling ... 
I "' I Laun- / I Laun-1 I Laun- I ·1 Laun-.0 re New dered New I dered New dered New dered 
I Inches I lbs I lbs. \ lbs. \ lbs. \ lbs. I lbs. I lbs. I lbs. 
1.12 
1.01 
1.02 
1.84 
1.81 
1.03 
0.93 
1.51 
1.15 
0.88 
0.95 
63 
58 
53 
74 
88 
54 
51 
81 
94 
62 
54 
I 
' I 
I 
51 
48 
37 
59 
70 
58 
51 
69 
90 
54 
48 
59 
62 
38 
50 
72 
58 
56 
58 
78 
47 
67 
I 
I 
58 
54 
37 
44 
43 
56 
58 
62 
71 
33 
70 
I 
I 
I 
149 
134 
112 
191 
213 
61 
48 
106 
103 
67 
65 
133 
119 
95 
146 
188 
58 
50 
87 
93 
57 
66 
145 
143 
115 
140 
170 
61 
56 
81 
73 
44 
78 
141 
121 
113 
125 
160 
58 
55 
68 
65 
40 
75 
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........ 
"'0 ~~ 
.:::: <I 
...., .... 
bl) 
~ 
"' ... <J 
r/l 
24.40 
24.95 
23.39 
25.46 
33.54 
22.18 
20.38 
22.86 
33.90 
24.44 
21.61 
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three cold rinses with a trace of Aniline Blue in the last rinse. All water 
used was of zero hardness. The fabrics were ironed at 340°F. 
The average thickness in inches of a fabric was determined from IO 
measurements taken at different parts of the fabrics (exclusive of fabric 
within 6 inches of the selvage) by means of an automatic micrometer which 
exerted a constant pressure on a circle of fabric % inch in diameter (1). 
Yarns were drawn in the new fabrics and in the two-yard lengths for 
laundering outlining two test specimens each of 4 inches in length and of 
the entire width, of the fabric. These specimens were cut from the fabrics 
after 0, 1, IOO, 150 and 200 launderings and were conditioned and weighed. 
The average of these two weights was taken as the basis of calculation for 
the weight in ounces per square yard of fabric (2). 
The ash analyses were made in triplicate on approximately 5 gram 
fabric samples heated to constant weight at I05°0. and ashed to constant 
weight at a dull red heat in an electric muffie furnace. 
The water extract analyses were made in triplicate on approximately 
5 gram fabric samples heated to constant weight at I05°0. The sample 
of fabric was boiled one hour in 500 cm.3 distilled water and dried to 
constant weight at 105°0. Weighings for the water extract and ash de-
terminations were made with a tare. 
Breaking strength was determined by m~ans of the Scott Universal 
Tester on conditioned and wet (soaked in distilled water for 5 minutes and 
drained) fabrics according to the 1x1 x 3 inch grab method ( 5). Speci-
mens of the fabric 6 inches long and 4 inches wide (10 in the warp direction 
and IO in the filling direction) were cut for each test and the dry speci-
mens were conditioned. No specimens were taken within 8 inches of 
the selvage. The testing machine jaws (the back jaws measuring 2 inches 
and the front jaws 1 inch) were clamped 3 inches apart in the 6 x 4 inch 
fabric specimen, making sure that both sets of jaws held the same yarns in 
the direction of strain. The specimen was strained to the breaking point, 
the pulling jaws regulated at a speed of 12 inches per minute. The 
strength-weight factor ( 4) was calculated for the new fabrics as follows: 
Pounds warp breaking stren gth + poun ds filling br eaking strength 
Strength-weight factor= --------------------
Fabric w eight in ounces per squ ar e yard 
Dry breaking strength, weight and yarn count were determined after 
conditioning the fabrics and yarns for 4 hours at 65±3 percent relative 
humidity and 70°+ 3°F. The humidity was read from a hygrodeik placed 
three feet in front of an electric fan. The hygrodeik was calibrated by 
the chemical method ( 3) . 
The breaking strength specimens for the moist heat test at 120°0. and 
20 pounds pressure were suspended from a frame above the water in an 
electrically controlled autoclave for 20, 35, 50, 65, 75, 90 and IOO hours. 
This frame and the specimens were removed for a few minutes every 5 or 
IO hour period when the water in the autoclave was replenished with boil-
ing water. The time of heating reported is the actual time of heating 
at 120°0. After completion of the heating period the specimens were 
dried, conditioned and tested. 
Table III gives the thickness of fabrics as percentage of the thickness 
of the once laundered fabrics. 
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TABLE III. THICKNESS AS PERCENTAGE OF ONCE LAUNDERED FABRIC. 
Launderings! 
100 I 150 
200 
A 
88 
87 
86 
B I c I 
95 I 101 I 99 106 
90 100 
DJ 
78 I 
63 I 
Fabrics 
EJ Fl GI 
96 I 99 I 100 I 89 99 99 
89 96 . 92 
H I I I J I K 
8311051 -1107 82 111 104 101 
69 110 - 108 
Graphs I and II show the change in weight of the fabrics due to laun-
dering. 
Table IV gives the inorganic content of the fabrics after 1, 100, 150 
and 200 launderings. 
TABLE IV. PERCENTAGE ASH. 
Fabrics 
LaunderingsJ A J B J C I D I E I F I G I H I I J J J K 
1 I 0.23 I 0.o7 I 0.10 0.73 0.16 0.07 0.o7 0.22 0.13 0.08 0.13 100 o.25 I 0.23 o.30 0.30 0.21 0.27 0.23 0.24 0.19 - 0.27 
150 0.38 0.36 0.35 - 0.25 0.37 0.29 0.32 0.27 0.53 0.36 
200 I o.44 ! 0.44 I o.34 0.36 0.28 0.48 0.36 0.36 0.33 - 0.43 
Graphs III and IV show the change in average (warp and filling) dry 
breaking strength of the fabrics due to laundering. Graphs V and VI 
show the change in average wet breaking strength of the fabrics due to 
laundering. 
Table V gives the dry warp breaking strengths of the unbleached, 
bleached, and mercerized cotton and of the bleached linen sheetings after 
20, 50, 65, 75, 90, and 100 hours exposure to moist heat at 120°0. and 
20 pounds pressure. 
TABLE V. DRY WARP BREAKING STRENGTH AS PERCENTAGE OF NEW 
Fabrics 
Hours at 120° C I A B I c E 
20 68 71 57 47 
35 65 62 66 50 
50 60 62 60 42 
65 70 57 72 52 
75 73 59 62 50 
90 56 50 
I 
47 38 
100 63 66 57 41 
Average 65 61 60 46 
Summary 
Eleven fabrics representing table, costume and bed fabrics and of 
bleached and ull'bleached linen or cotton and of special-finished cotton were 
studied as to the effect of laundering upon the thickness, weight, inorganic 
content and dry and wet breaking strengths. The effect of moist heat at 
120°0. and 20 pounds pressure on the breaking strength of unbleached, 
bleached, and mercerized cotton sheeting and bleached linen sheeting was 
determined. 
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THE DIRECT SYNTHESIS OF OPTICALLY ACTIVE COMPOUNDS 
AND AN EXPLANATION OF THE ORIGIN OF THE FIRST OPTIC-
ALLY ACTIVE COMPOUND1 
By HENRY GILMAN 
From the Chemical Laboratory of Iowa State College. 
Accepted for publication Feb. 5, 1929. 
A number of attempts have been made to prepare directly an optically 
active compound. So far as w.e know, no one has succeeded in producing 
an asymmetric synthesis without the intervention of optically active com-
pounds. The reason for the lack of success is simple and well known. If 
we confine ourselves, for the sake of convenience, to optically active com-
pounds having one carbon atom as the center or seat of optical activity, 
we can for.mulate the necessary steps for asymmetric synthesis as follows. 
(C r,epresents carbon; "a", "b", "c", and "d" represent unlike elements 
or groups; and, "c ", "c1 " and "c2 " are alike). 
a (d - d) a 
I I 
c2 -C-b--> d-C-b+ (c-d) 
I I 
c1 c 
The compound C a,b,c1,c2 is symmetrical and without optical activity. 
However, when treated with an element or compound "d-d" so that one 
of the "c 's" is replaced by a "d" we get Ca,ib,c,d. This compound is 
asymmetric and should be optically active. As a matter of fact, compound 
Ca,b,c,d formed in this way is inactive. Its inactivity is due to the simul-
taneous replacement of "c1 " and "c2 ", respectively, by "d" in two mole-
cules to give C a,b,c1,d and Ca,b,c2,d. Each of these compounds is optically 
active to the same degree but in opposite directions so that a mixture of the 
two, known as a raceme, is optically inactive by external compensation. 
The reason for the simultaneous formation of the optical opposites in sup-
posedly equal amounts lies in the symmetry of Ca,ib,c1,c2 and the equal op-
portunity ,of replacing "c1 " or "c2 " by "d ". Both optically active forms, 
Ca,b,c1,d and Ca,b,c2,d possess equal energies as a result of which their 
formations in a chemical reaction are equally probable. 
Actually, however, they are not always formed in equal amounts. If 
we start with a solution of Ca,b,c1,c2 containing n molecules, the number n 
may sometimes be even and sometimes odd. When n is an odd number then 
1The author has regularly presented this material in lectures at Iowa State College, 
where such presentation is pertinent to a discussion of optical activity. A semi-
popular abstract of it by the author has appeared in the Chemical Bulletiin 12, 133 
(1925). We make no claim for the novelty of the ideas expressed here, but we are 
not familiar with like material published elsewhere. 
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the resulting product2 must have one molecule of either Ca,b,c1,d or 
Ca,b,c2,d in excess. If we arbitrarily designate the G a,b,c1d molecule as, 
dextro, the other molecule, Ca,b,c2,d is its optically opposite levo form; and: . 
if a sufficiently large number of reactions is carried out between an inde:fi:" 
nite numlber of Ca,b,c1c2 and "d-d" molecules then 50% of the time a 
racemic mixture is formed, 25 % of the time there is an excess of one dextro 
molecule, and 25% of the time there is an excess of one levo molecule. 
We have here considered but one of the cases when there would be pres-
ent an excess of either optically active form, and this depends on the pres-
ence in the solution of an odd number of molecules. However, the formation 
of optically active forms is possible even in those ooses where the number of 
molecules, n, is even. This is particularly true when one starts with highly 
dilute solutions containing a small number of molecules. (The limiting 
case is a solution having but one molecule of C a,h,c1c2• The product 
(Ca,b,c,d) must be optically active and i's either the dextro or the levo 
form.) With dilute solutions of Ca,b,c1c2 having 2 or 4 or 6, etc., mole-
cules, the numlber is so small that the so-called laws of chance and proba-
bility do not hold. A.s a consequence, if we start, for example, with a solu-
tion having but 2 molecules it is quite possible that these 2 molecules 
might be converted to 2 molecules of the dextro form or 2 molecules of the 
levo form. Of course, there is a greater opportunity for the formation of 
the optically inactive raceme. 
The possi1bility of getting a cmnplete conversion of n molecules (where 
n is either even or odd) to the dextro or to the levo form obviously decreases 
with an increase in the number of ;molecules. Despite this progressive de-
crease in possibility with an increase in the numlber of molecules we would, 
sometime or other if a sufficient number of experiments were performed, 
get a complete conversion to the dextro or to the levo form in accordance 
with the statistical theory Qf proba:bility. The number of experiments nec-
essary to reach this fortuitous complete conversion to an optically active 
form would be extreme, but not infinitelt. 
Also, with an even large number, n, of molecules there might be pres-
ent a number of optically active molecules ranging from 2 to n. Obviously, 
the chance for a slight excess of optically active molecules (either dextro 
or levo) is decidedly greater than the limiting case where all of the mole-
cules are dextro or levo. 
It is apparent from these considerations that the chemist actually does 
effect unwittingly direct asymmetric syntheses. However, he has no means 
at present of testing experimentally the direct formation of a small number 
of molecules of an optically active compound. One can imagine that in the 
somewhat remote future an apparatus and technique of sufficient delicacy 
might become available for this purpose. Until that time comes, if indeed 
it ever arrives, there is alw:ays the possibility of that rare accident when a 
sufficient concentration of optically active molecules will be formed to be 
2The assumption is made here that all of the reactant molecules give a corresponding 
number of molecules of product. If the reaction is reversible or if the reaction is 
incomplete for any reason, the mathematical development of the principle ex- • 
pounded here is the same. The subsequent development of even numbered mole-
cules in the following paragraph is also sound even though molecules react only 
two at a time or in even numbers-an idea that has no basis in experimental fact 
of which we are aware. 
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measurable by our present facilities. The possibility of such a remarkable 
observation being noted is rendered even more remote by .the fact that 
chemists, very wisely, would not take the trouble to examine such reactions 
for optical activity. Also, if noted there would be a pardona:ble and under-
standa;ble reluctance to publish a finding of this type3• 
T,he same philosophical application of the statistical theory of proba-
bility gives us an explanation of the first optically activ.e compound. We 
know that with a single optically active molecule it is possible to explain the 
origin of the myriad of optically active forms known in nature. Given 
this one optically active molecule we can, by an application of one of the 
methods proposed by Pasteur for the resolution of racemates, resolve all 
racemates by a chain series of reactions4 • The difficulty lies in accounting 
for the first optically active molecule. What follows is a proffered ex-
planation of the origin of such a ,molecule or of such molecules. 
If we arbitrarily assume that the simpler thermally stable elements 
gave rise in the course of a cooling process to simple thermally stable inor-
ganic compounds and that from these and the elements in turn the simpler 
thermally stable organic compounds were formed, we have a gradual pro-
cess for the formation of simple or complex organic compounds5• If this 
formation of compounds took place very slowly, there is a possibility that 
'It is interesting to reflect on these possibilities with a host of other reactions and 
phenomena. For example, it is conceivable that under conditions where phenol on 
bromination gives chiefly a mixture of o-bromophenol and p-bromophenol we might 
get sometime all m-bromophenol. The publication of such a result would carry with 
it an extraordinary embarrassment for one who would venture to check the experi-
ment! It would not be surprising if a few (an astonishingly small number) of the 
abnormal, non-duplicable results observed by some investigators were not due to 
such a happy or unhappy "accident" postulated by the statistical theory of proba-
bility. 
'By this, we do not mean of course that the one optically active molecule would act as a 
seed in a given solution to convert all of the other inactive molecules contained 
therein to the dextro or levo form. What we do mean is that the one active mole-
cule, let us assume it to be a dextro acid, would find its way (through one means 
or another like infiltration, high volatility, air currents, etc.) to a solution of a 
racemic base. (The problem of transportation becomes simpler if our optically 
active molecules are gase·s.) As a result of the reaction between the dextro acid 
and the racemic base we would get one molecule of the salts fornied from the dextro 
acid and either the dextro base or the levo base. In this manner a molecule of 
either the levo base or dextro base would be free. 
This molcule of optically active base would then find its way, in the course of 
time, to a racemic acid and give one molecule of a salt and one molecule of a free 
optically active acid. This molecule of optically active acid would soon find itself 
not alone, inasmuch as another molecule of optically active acid would come from 
the hydrolysis or dissociation of the originally formed salt ( s). A difficulty enters 
here, but it does not remain for long. It is this: the two molecules of optically 
active acid might be optical opposites and so form a raceme. But, there is an 
equal chance that they would be of the same type, either dextro or levo. An in-
crease of this type would continue, given sufficient time, for the free molecule of 
optically active base is presumably going its rounds in the resolution of racemic 
,....- acids. 
:> 
"For convenience sake we are omitting consideration of the possible prior formation of 
optically active inorganic compounds. Furthermore, the problem becomes more 
simple should it ever be found that an element (because of an asymmetric arrange-
ment of electrons) can be optically active. In such an hypothetical event one 
might go beyond the element to the electron or sub-electron. 
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one molecule of Ca,b,c,d was formed at first. This one molecule must have 
been optically active, either dextro or levo, and it would suffice to explain 
the resolution of the racemates which were formed subsequently4 • 
There are other possibilities. Instead of one molecule of C a,b,c,d 
forming at first, a small num:ber of molecules of C a,b,e1d and C a,b,c2,d 
might have formed. With this small number of molecules there would be 
the chance for an excess of either C a,b,c1d or C a,b,c2,d molecules. The 
excess of either one of these optically active forms, even to the minimal ex-
cess of one molecule, would again provide the means for the resolution of 
racemates. 
Finally, there is the possibility that myriads of molecules of C a,b,c1d 
and C a,b,c2,d were formed at one time, either with or without gradual 
cooling and under any set of conditions6• In this event, we might have an 
odd number of molecules formed 'and the odd molecule must have been 
optically active. Or, if all the molecules of C a,b,c1d and C a,b,c2d were 
formed at one time, and if the total number of these molecules was an 
even number, then there is the possibility again (as developed previously) 
that there would be an excess of two or more optically active molecules. 
Explanations of this type find a basis of support solely on the statis-
tical theory of probability. As with many other phenomena, there is the 
possibility that the first optically active compounds may have had their 
simultaneous origin in several ways, only one of which has been discussed. 
SUMMARY 
By the application of the statistical theory of pro'bability it has been 
shown that direct asymmetric syntheses may frequently take place. An 
explanation has been offered for the origin of the first optically active com-
pound or compounds. 
0 The development of this idea would apply to the most complex molecules and to the 
most complex aggregates of such molecules. Again, for the sake of convenience, 
we are omitting any consideration of meso forms which are optically inactive by 
internal compensation. 
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1. Introduction: Suppose that a uniform isotropic rod is fixed at 
one end, and that any two sections of the rod at unit distance apart are 
twisted through an angle T relative to each other. We shall assume that all 
elements of the rod of equal iength are strained in exactly the same way. 
This means that the stresses and strains are independent of the length of 
the rod. It is further assumed, as did Saint-Venant2, that the shearing 
stresses over any cross section are reduced to the effect of a pure couple, 
and at the same time give no action on the sides of the prism, that is the 
boundary stress is a tangential stress. 
2. Equations of Equilibrium. The notations ejlllployed are those used 
by Prescott3 and are defined as follows: 
x, y, z, rectangular coordinates of a point of prism, with the Z axis 
along the axis of the prism, 
u, v, w, displacements in X, Y, Z directions, respectively, 
P 1 , P 2, P 3 , unit normal stresses on elements perpendicular to X, Y, Z, 
axes, respectively, 
S1 , S2 , S3, unit tangential stresses on similar elements, 
µ, modulus of rigidity, 
µ 
m = --, where er is Poisson's ratio, 
1-u 
T, angle of twist per unit length. 
For small distortions, within which Hooke's law is valid, the displace-
ments and stresses are given by 
u = - TYZ, v = TXZ, w = f(x,y), 
ow 
pl= P2= Pa= Sa= 0, sl =µ(--+TX), 
oy 
S2 = µ ( ow - TY) . 
OX 
(1) 
(2) 
1Thesis presented to Graduate School of Iowa State College by Mr . .Anderson for the 
degree of Master of Science in Applied Mathematics. 
•saint-Venant, De la torsion des prismes. Mem. des Savants etrangers, Bd. 14, S. 233, 
1855. 
1J. Prescott, Applied Elasticity, p. 134, Longmans, Green and Co., 1924. 
[231] 
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From the fundamental equations of efaJStic equilibrium are obtained 
the equations 
0S2 0S1 
-+-=O, 
ox oy 
(3) 
0S1 c\S2 
-- - --=a constant. 
ox oy 
(4) 
Equation (3) is satisfied if 
02W 02W 
--+--= \J2w=0, (5) 
OX2 oy2 
and the constant in ( 4) is 2µ.T. 
At the surface of the prism, the usual requirement is that the direction 
of the resultant shearing stress must be tangential to the contour of the 
cross section. Hence it is necessary that the boundary should be a shear 
line, that is, 
-a:=-. (6) 
This boundary condition is simplified, if w is the real part of an analytic 
function <I> = w + i>It of the complex variable Z -= x + iy. Hence 
oy 
and ( 6) becomes 
or 
ow 
ox OX 
T . 
dw = -d(x2 + y 2), 
2 
T 
ow 
oy 
>It= -(x2 + y2 ) +a constant. 
2 
Equation ( 5) becomes \] 2'11 = 0. 
(7) 
(8) 
(9) 
The family of shear lines is given by (8). For a simply connected 
boundary, no loss of genera:lity is incurred if the constant of (8) is taken 
equal to zero for the boundary of the prism, ,since >It occurs in subsequent 
computations only through its derivatives. That a solution of (9), subject 
to the condition of (8) exists, may be shown by an application of Green's 
theorem to the line integral of the tangential derivative of (8) around the 
contour. Equation (9) results. 
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Taking moments about the origin, the torque of the shearing stresses is 
Q = f f (xS1 - yS2) dxdr 
=uTI-u ff (x~+Y~)dxdy, 
ox oy (10) 
where I is the polar moment of inertia of the section, and the integration 
extends over every element of area within the contour. 
3. The Conformal Transformation. The prism under consideration is 
one of symmetrical cross section bounded by arcs of two orthogonal para-
bolas whose foci are at the origin, and their 'latera recta lie on the Y axis 
as shown in Fig. 1. The solution is effected by a conformal transfoJ:tlllation 
W 2 = 2Z, which maps the section of Fig. 1 upon the rectangle of Fig. 2. 
The relation 
1 1 
x + iy= Z=- W2= -(a+ i/3) 2, (11) 
2 2 
gives 
a2 - 132 
X= , y=af3. 
2 
These equations yield the two families of orthogonal parabolas, 
y 2 = a4 - 2a2X 
y2 = 2132x + {34, 
(12) 
(13) 
where a and (3 are the parameters for the W plane. Fig. 2 shows graphic-
ally what may be shown analytically, that the section (a, b, c, d) of the Z 
Z-Plane y 
W-Plane 
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plane maps twice into the square on the W plane. The central symmetry 
further affords the possibility of studying the sections (A, B, C, D) of the 
W plane in any of the four positions in which they are contiguous. 
Equation (9) remains invariant under transformation (11), while the 
right member of (8) becomes r/8 (a2 + {32 ) 2 • The problem then is to deter-
mine 'Ill such that 
\7 2'11' = 0, at every point of cross-section, (14) 
and 
+- r/8 (a2 + /32 ) 2, on the contour. (15) 
4. Solutwn of +. We may assume a solution of (14) in the form 
Then 
'Ill - lm [fm(a) cos m/3 + Fm(/3)cos ma], 
where m =-= 1, 3, 5, 7, ....... . 
+lm[Fm"(/3) -m2Fm(/3)]cos ma 
=0. 
(16) 
In order that (161 ) may vanish identically for all values of a and /3, the 
coefficients of the cosine terms must be zero. Hence 
and 
fm(a) =Am cosh ma+ Bm sinh ma, 
Fm (/3) =Cm cosh m/3 + Dm sinh mf3. 
In view of the double symmetry in a and /3, the function 'Ill must be re-
stricted to even functions of these variables and the hyperbolic sine terms 
are thus inadmissable solutions. Equation (16) takes the form 
oo [ 7ra 7r{3 
'Ill= l Ancosh (2n + 1) - cos(2n + 1) -
n=O 2k 2k 
7r{3 7ra] 
+ Cncosh(2n + 1) - cos(2n + 1)- , 
2k 2k 
7r' 
where mis replaced by (2n + 1)-, and n = 0, 1, 2, 3, 
2k 
(17) 
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The coefficients An and Cn are determined from the boundary condi-
tion ( 15). The particular parameter values for the contour in question 
may now be taken as a= -+-k or {3 = ±k. The problem then is to represent 
the function \It= T/8(a2 + {32) 2 for a-= -+-k by a Fourier's series of cosines 
of {3 where f3 ranges from ( - k) to ( + k). 
Here 
where 
and 
with 
00 
-== ~ bncos(2n + l)B, 
n=o 
{311' 
B=--,n=O, 1, 2, 3, 4, 
2k 
( .,,.2)2 82 + '4 cos(2n + l)Bd() 
.,,.a 
11' 
=Mn sin (2n + 1)-, 
2 
16.,,. 96 
Mn=---- +----
2n + 1 (2n + 1) 3 .,,.(2n + 1) 5 
(18) 
(19) 
The expansion of \It on boundaries a = -+-k valid on the given range of {3, is 
2k4T 00 11' 11' {3 
\It-= - ~Mn sin (2n + 1) - cos (2n + 1)-. (20) 
.,,.• n=O 2 2k 
Since the right members of (17) and (20) are identities in {3 when a= ±k, 
the coefficients An are 
2k4T Mn sin (2n + 1).,,./2 
An - ----------
7T4 cosh (2n + 1)7r/2 
(21) 
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Hence 
2k4,- 00 Mn sin ( 2n + 1 )7r / 2 [ 7ra 
'1t = -- l ------- cosh (2n + 1)--
7r4 n=o cosh (2n + 1)7r/2 2k 
7rft 7rft 7ra ] 
cos (Zn+ 1)-+ cosh (2n + 1)- cos (2n + 1)- . 
2k 2k 2k 
(22) 
This is the form of w which satisfies all the prescribed conditions of the 
torsion prdblem as it is mapped on the square of dimensions 2k by 2k on 
the W plane. 
5. Torque. To determine the torque from (10) the following rela-
tions are given: 
dadft I dW 12 dxdy = -- , where h 2 = - = (a2 +ft 2)-1 
h2 dZ 
~= h2 (a!!__-ft!!__), 
0x oa oft 
By these relations, the expression for the torque is 
J.LT k k /A- k k [ OW OW ] 
Q = - ff h-6dadft - - ff a - +ft- h-2dadft 
4 2 oa oft 
-k -k -k -k 
24 l48 Ik rk 1 = - µ.,-ks-µ. - µ.,-ks - 2 wh-2dadft . 
25 35 . 
- k -k 
(23) 
The first term of (23) is the mqment of inertia of the section, and the 
bracket terms are obtaim~d from integration by parts and employing the 
boundary values of w. 
A typical integral of (23) to be evaluated is 
Am f f (a 2 cosh ma cos mft + a 2 cosh mft cos ma) dadft 
which is 
16k2Am [ 1 ] 
--- sin mk sinh mk - -- cosh mk 
m2 mk 
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Finally (23) yields 
24 256µrk8 oo Mn [ 
Q = - -µrk8 +--- l -- tanh(2n + 1) 7r/2 
35 7r6 n=0 2n + 1 
2 ] =.46358µrk8 
7r(2n + 1) 
where Mn ~s given by (19). 
For 
n>2, tanh (2n + 1) 7r/2=1 - £, where £<10-9 • 
(24) 
Thus with corrections for the terms n = 0, 1, 2, the following sums may be 
used in making the calculation of Q to the degree of accuraicy given by 
(24): 
00 1 7r2 
l 
n=l n2 6 
= 1.644934, 
00 1 7r4 
l 
n=l n4 90 
= 1.082323, 
00 1 7r6 
l = 1.017343, 
n=l ns 945 
00 1 7r8 
l = 1.004077, 
n=l ns 9450 
00 1 7r3 
l = 1.202057, 
n=l na 25.79436 
00 1 7r5 
l = 1.036928, 
n= l ns 295.1215 
00 1 7r7 
l = 1.008349. 
n=l n1 2995.286 
Then 
n~o ( 2n ~ 1) v = [ 1 - ( ~ ) P ] n~l ( : ) P 1 and l 
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24 
Q -= - - p.Tk8 + 256p.Tk8 [ .00546328 - ,00097382] l 
35 
where the last term was the error for n-= 0, 1, 2. At least fifty terms 
would need to be sununed to obtain the above accuracy, had not the sums 
been empfoyd. 
In view of the double area used in the integrals, the actual torque is 
only half that given by (24), that is 
Q' _,, .23179p.Tk8• (25) 
6. Shears. From (2), (7) and the relations given in section 5, the 
shears are 
( 0'11 ) [ .,. 0'11 0'11 ] 81 -p. TX - -- =- p.h2 - (a' - {3') - a--+ /3--
~ 2 ~ ~ 
ks.,. 00 sin mk { 
~ Mn ( 2n + 1) a sinh macosm/3 - acoshm{3sinma 
?Ts n=O COSh mk 
+ /3 cosh ma sin m/3 - /3 sinh m/3 cos ma } ] , ( 26) 
( 0'11 ) [ 0'11 ow ] S2 ~ p. -- - -ry -= p. h2/3-- + h2a -- - Ta/3 
oy oa o{3 
~ [- Ta/3 
h 2ksT 00 sin mk { 
+-- ~ Mn (2n + 1) /3 sinh ma cos m/3 
?Ts n=o cosh mk 
- /3 cosh m/3 sin ma + a sinh m/3 cos ma - a cosh ma sin m/3 } ] , ( 27) 
where Mn is given by (19) and mk-= (2n + l)?T/2. On the boundary where 
A TORSION PROBLEM IN CURVILINEAR COORDINATES 239 
The latter values are the boundary stresses at the ends of the chord on the 
X axis. It is also desirable to find expressions for the stresses along the 
a and f3 arcs. In curvilinear coordinates1 these are 
[ dw m ] Sa==ft -h--+--
da 2h 
(29a) 
(29b) 
A typical term of '1t in (17) shows that (29a) vanishes when /3- k, 
similarly St1 = 0 on a-= k. To show this, a derivative relation of (20), 
which is the expansion of T/8(k2 + {32 ) 2, makes an identity in f3 with the ex-
o'lll 
pression h-- of (29b). Thus the bracket quantity of (29b) vanishes iden-
df3 
tically along the parameter a-= -+- k. This merely shows that the mathe-
matics is consistent with the original assumption that the boundary stress 
is tangential. 
Again it may be readily shown from a typical term of '1t that at 
a = f3 = -+- k, both Sa and St1 vanish. These are the shears at the corners 
occurring on the Y axis where S1 also is zero. Hence S2 and in fact all 
stresses vanish at such a corner. This is the usual result determined from 
the hydrody:naµli<ial analogs2• 
Well known theorems on haljlllonic functions tell us that '1t must attain 
its maximum and minimum on the boundary. It may he shown that the 
maximum shear stress is 1S1 =Sa== .7451f'Tk2 which occurs at the ends of 
the minor chord or the boundary point nearest the axes of the prism. 
7. Vertical, Displacement and Warped Sections. With the aid of (7) 
and (17), the displacement in the Z direction, given by (1) is, 
Mnsinmk 
n=O coshmk 
[ sinhmf3 .sinma - sinhma sinm{3] (32) 
except for a purely arbitrary constant, which would denote a rigid body 
translation. Along the lines a -= + f3; w = 0. Also w = 0 when 
a = f3 = 0, and hence there is no relative displacements along the X and 
Y axes. 
To find the concave and convex sections of the prism, both the first and 
1A. E. H. Love, The Mathematical Theory of Elasticity, 4th Ed., p. 51. 1927. 
'A. E. H. Love, The Mathematical Theory of Elasticity, 4th Ed., p. 315. 1927. 
L. Prandtl, Jahresber. d. D. Math. Vereinig., Bd. 13, 1904. 
A. H. Gibson, The Mathematical Properties of Fluids-A Collective Work, p. 245, 1924. 
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ow 02W ow 
second partial derivatives -- and -- vanish on the X axis, but -- re-
oy oy2 oy 
mains positive on passing to either section. Hence the section is convex in 
the first and third quadrants and concave in the second and fourth. Figs. 
1 and 2 show the convex sections by solid 'lines and concave by dotted lines. 
8. Comparisons for Torque and Shear. A circle having the same area 
(2k2 ) 
as the cross section of the prism, will have a radius --- and the torque is 
(37r) 'h 
1 8 
Qc = - p.r?Tr4 = --µ.rk8 
2 9?T 
>== .28294µ.rk8 • (33a) 
An ellipse having the same minor axis k2, and the same area will have a 
(;l.6k2 ) 
major axis --- , and the torque is 
(37r) 
?Tasha 
Qe: = fLT = .24756µ.rk8• 
a2 + b2 (33b) 
From a number of minor observations, Saint-Venant1 concluded that the 
torque of sections, which were fairly compact and with no reentrant angles, 
could be approximated by 
µ.rA4 
Q.=--, 
401 
where I is the polar moment of inertia and A is the area. For the prism 
4k4 12k8 
under consideration the area is -- and the inertia -- hence 
3 35 
Q. = .23045µ.rk8• (33c) 
These values are to be compared with .23179µ.rk8 given by (25). 
The maximum shearing stress is S1 =Sa= .754lµ.rk2• To give com-
parisons with the above figures, for a circle, 
µ.r2k2 
S0 -== µ.rr = --- = .65147µ.rk2• (37r) 'h 
(34a) 
1Saint-Venant, C.R., Bd. 88, S. 142, 1879. Handbuch der Physik, Bd. VI, S. 160, 1928. 
A TORSION PROBLEM IN CURVILINEAR COORDINATES 241 
For the ellipse, of same area and same minor axis, 
(34b) 
For the ellipse, of ·same major and minor axes, 
(34c) 
Since the circl.e has the same tangential stress at all boundary points, 
the comparison of (34a) with (28) is of little import, but can be accounted 
for by the fact that the radius 2k2 (37r)-'h is much greater than the semi-
minor chord k2 /2 of the prifilll under consideration. 
9. Approximate Solidions. From a ·purely analytical consideration 
of equations (3) and ( 4), both stresses S1 and '82 may be expressed in terms 
of a new function of the variables x and y. Let ~(x,y) be such a stress 
function, then 
oe o~ 
S1-= - -- ' S2 = -- . 
ox oy 
Equation (3) is satisfied identically, while ( 4) yields 
\J 2~ = 2µ.r . 
The boundary condition (6) i·s equivalent to (8), that is, 
(35) 
(36) 
(37) 
Since (37) becomes the equationof the shear lines, it follows that if 
Hx,y) = 0 is taken as the boundary of any cross section such that (36) 
yields \7 2~ = const., an immediate solution of the torsion problem can be 
effected. Exact solutions are readily obtained for the circle, the ellipse, 
and the equilateral triangle by this method. 
Approximate solutions sufficiently accurate for technical practice may 
be obtained by employing the minimal property of the ''Energy of Defor-
mation. " 1 The reaUy useful thing about this method is that equation (36) 
is not solved, indeed it is only necessary to satisfy (37) choosing a function 
Hx,y) such that i·t vanishes on the boundary and that it represents as nearly 
as possible the form of the shear lines over the cross section. In this jlllatter 
only the experience, and known solutions can guide in the selection of the 
form of the function. The form of the stream lines may be infen-ed from 
the hydrodynamical analogs mentioned in section 6. 
The energy2 per unit volume is 
'A. und L. Foppl, Drang und Zwang, Bd. I, p. 101, 1924; Bd. II, p. 53, 1928. 
'A. und L. Foppl, Drang und Zwang, Bd. I, p. 58, 1924. 
Handbuch der Physik, Bd. VI, §16, S. 66, 1928. 
J. Prescott, Applied Elasticity, p. 188, 1924. 
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and the total energy is 
(38) 
This energy is equivalent to the work of the forces producing the couple 
1 
or - QT, where 
2 
-2J f ~dxdy. (39) 
The laist member results from integration by parts, and knowing ~ = 0 on 
the boundary. 
Transforming equation (13) leads to the suggestion that 
~== c(a4 - k4 ) (/34 - k4 ), (40) 
is a possi'ble stress function for the region in the W plane. Here c is a 
constant to be determined. From ( 39) 
Q- 2cf f (a4 - k4 ) (/34 - k4 ) (a2 + f32)dad/3 
256 
--ck12. (41) 
105 
Also 
u == 2: ff [ c~ r + c:r ] dxdy 
-Lf fl G~ r + G~ r 1 dad/3 
2048 c2k16 
-----
(42) 
315 µ. 
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From 
1 3p.T 
U--QT c 
2 ' - 16k4 ' 
and 
or 
(43) 
( 7ra2 7r/32 ) When ~ =c cos -- cos -- , a similar procedure leads to 
2k2 2k2 
Q' =- .224p.Tk8• (44) 
To obtain the approximate shear stress, from ( 40) is found 
sl = - o~ = h2 [/3.!!_- a o.Y ] 
ox of3 oa 
= 4ch2k4(a4 - ,84] 
= 3/4p.T(a2 + {32 ]. 
At 
a 2 = k2, and f3 = 0; or at /32 == k2, and a= 0; 
(45) 
Another method yielding limproved results, though much more calcu-
lation is required, is from the theorem of "Virtual Displacements",1 which 
states that for an arbitrary displacement from a state of equilibrium, the 
variation of the total potential energy H, is zero, that is 8H = 0. Thus when 
7ra2 71"2 37ra2 311"132 
~ = C1 COS -- COS --+ C2 COS --- COS ---
2k2 2k2 2k2 2k2 
the parameters e1 and c2 are determined from 
8H=8(U-QT)=0. 
'A. und L. Foppl, Drang und Zwang, Bd. I, p. 58, 1924. 
Handbuch der Physik, Bd. VI, p. 71, 1928. 
(46) 
244 E.W. ANDERSON AND D. L. HOLL 
10. General Curvilinear Rectangle. For a <.mrvilinear rectangle 
bounded by arcs of the parabolas a = a11 a = a2, f3 = /31, and f3 = {32, a so-
lution of \7 2'11 = 0, and satisfying 
is 
W = T/8 (a2 + /32)2 
= f1 (/3) on a= a 1 for /31 <f3<f32, 
= f 2({3) on a= a 2 for f31 <f3<f32, 
= F 1 (a) on /3 = {31 for a<a< a2 
= F 2 (a) on /3 ~ {32 for a<a<a2 
sin----
sinh-----
sin 
sinh-----
where an, an',bn, bn' are coefficients in the sine series, 
00 n7r({3 - f31) 
f 1 ({3) = :S bn sin----
n=l (f32 - f31) 
00 
n=l 
00 
n7r({3 - f31) 
bn'sin----
F 1 (a) = :S an sin----
n=l (a2-a1) 
} (47) 
(48) 
( 49) 
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n7r(a - a 1 ) 
a,/ sin-----
245 
Though the above solution is analytically complete, it is quite difficult to 
effect a numericwl calculation. With safety, we may use the approximate 
method and assume 
p:rA' 
Q=-
40 I 
(50) 
In this paper is given the solution of the torsion proijlem of a right 
prism of isotropic material, having a cross section bounded by arcs of orthog-
onal parabolas. The stress function w satisfying \:/'2w = 0, and the usual 
boundary condition is deternnined by the use of parabolic coordinates, 
characterized by the conformal transformation of 2Z = W 2 • The solution is 
given in an infinite series, from which the torque and shears are computed 
and these are compared with known solutions of related sections given in 
finite terms. Very satisfactory results are obtained by approximate methods 
involving only definite integrals and the well known relation between the 
elastic energy of deformation and the work of the twisting couple. A stress 
function for the general case of a curvilinear rectangle is given in these 
coordinates. 
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This paper owes its origin to a desire on the part of the author to place 
on record a comparison of our native flora with that which has come to us 
as a consequence of the settlement of the state by the white man, and the 
conversion of our broad expanse of fertile soil into fields of grain crops and 
pasture, of praved highways, of populous towns and cities, and other evi-
dences of modern civilization. We Eve in a changing world, and in no re-
spect is the fact more evident than in the plant life which surrounds us. 
Where a half century ago one might travel for miles over our prairies 
without seeing a single plant that was not indigenous, today the conditions 
are almost reversed, and while in our forest and water areas, prjµneval 
conditions more nearly continue to exist, still even here a slow out sure 
change is taking place. 
The a:boriginal inhabitants appear to have introduced very few plants, 
and these do not come within the scope of the present list. It is probable 
that the American Lotus (NeZumbo lutea Pers.) was introduced from the 
Atlantic States by the Indians as a food plant, and our Wild Rice (Zizania 
aquatica L.) owes its presence, in 1some loca:lities at least, to the same cause. 
With the cul·tivated plants of our fields and gardens, unless escapes, 
this paper is not concerned, but there are a great many others, many of 
which are more or less unwelcome, and it i·s of these that a comprehensive 
survey may not be unprofitable. W'hile many of these are of a weedy na-
ture, and are ably treated in the Weed F1ora of Iowa iby Dr. L. H. Pammel 
and Charlotte M. King, still there are a 11.arge number of the less objection-
able kind which hav.e escaped from cultivation, or have crept in unbidden, 
and are likely to become a more or less permanent part of our flora. 
From an ecological standpoint our :i,mmigrant flora is closely associated 
with the cultivated plants of our fields, pastures and gardens, only one 
being hydrophytic in character Water Cress (Radicula nasturtium-aquati-
cum L.) and a few somewhat xerophytic like the Russian thistle (Salsola 
kali tenuif olius Meyer) . 
Another motive in preparing this paper, is that in future years stu-
dents may then compare the introduced w.ith the indigenous flora, and be 
able to show the variaJtion in the proportion of the two classes of plant life 
as the country becomes older and more densely settled. Undoubtedly the 
proportion of the former will increase materially as the years go by, while 
the latter will decrease, partly on account of ithe slow but sure extermina-
tion of many of our rarer species. There are districts in the thickly settled 
portions of some of our New England States where, at the present time, the 
introduced plants comprise nearly or quite 50 per cent of the flora. While 
many years will probably elapse before such a condition exists in Iowa, 
still as we contemplate the change that has taken place since the settlement 
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of the state, we can not help r.ealizing that the fuure will modify .materiaHy 
the proportion existing at the present time. 
T? ~he early settlers, on their arrivwl in Iowa, the luxuriant vegetation 
of prairie and forest was the cause of much rejoicing and satisfaction. It 
not ?~Y indicated an ab~nd~ntly watered soil of great fertility, but the 
nutr1t10us grasses for their livestock, the game ·and wild fruits for their 
own food, and the tim'ber for fuel and building purposes, wiere a very pres-
ent help to those whose store of this world's goods was often meager indeed. 
For several years after the virgin soil was broken and planted to cul-
tivated crops, few weeds or other introduced plants gave the settlers much 
trouble; but wherever the emigraint goes, the seeds of noxious weeds and 
other undesira'ble plants follow in his footsteps and soon add materially 
to the amount of labor necessary to keep his land in the proper condition 
for the best results. 
The seeds of our ~mmigrant flora came to us in various ways. The 
first arriva•ls were undoubtedly introduced as impurities in field and gar-
den seeds, by adhering to the clothing or the hair of animals, or were car-
ried in the mud adhering to vehicles and other similar means. Besides 
these, natural agencies haV<e played a not unimportant part in the intro-
duction of seeds by the action of wind or water, or by animal life. How-
ever, these had been at work for generrutions before the advent of the white 
man, and had much to do with our ·so-called indigenous flora. 
It is to cliII13Jtic conditions and to the tide of ijrnmigration being from 
east to west, that we owe rthe large proportion of our introduced plants hav-
ing an eastern origin, or having come to us 1by way of Europe. The number 
coming from all other directions is only twenty per cent of the wlhole. 
Those plants w'hich came to us by way of Europe number 210 species; 
A Rill. 11 ' Tronical America. 11; Mexico, 1; Eastern Staites, 3; Southern 
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There are in the herbarium of the Iowa State College, 1,484 native and 
introduced species and viarieties of the Iowa flora, the latter forming 17. 7 
per cent of the whole. 
In the accompanying list of our immigrant flora, the common name, 
the nrutive habitat, the period ·of life, Whether annual, biennial, or perennial, 
and the character of growrth when not herbaceous are given. A1so, there 
are included in parentheses the locality, date and collector of the oldest 
Iowa specimen in our herbarium. 
Only such plants are included as have been seen by the author and 
while there are undoubtedly some omissions and also a few which time may 
· prove to oo merely waifs, stin, on the whole, the list is nearly complete and 
represents fairly weli the conditions at present existing. 
SYSTEMATIC LIST 
GRAMINEAE 
1. Digitaria humifusa Pers. Smooth Orab Graiss. Annual, common in 
cultivated ground and waste places; especially troublesome in lawns, 
late in the sellison. Naturalized from Europe. (Story Co., 1871, 
Beardslee.) 
2. D. sanguinalis (L.) Scop. Crab Grass. Annual, a common weed; 
coarser than the preceding and more troublesome in gardens. Nat-
uralized from Europe. (Story Co., 1871, Bessey.) 
3. Panicum miliaceum L. Broomcorn Millet. European Millet. Annual, 
occasional as an escape. Adventive from Europe. (Ida Co., 1895, 
Crowley.) 
4. Echirwchloa crusgaUi (L.) Beauv. Barnyard Grass. Annual, com-
mon in rich cultivated ground and waste places. Variable.• Natural-
ized fr~m Europe. (Story Co., 1875, Bessey.) 
5. Setaria glauca (L.) Beauv. Yellow Foxtail or Pigeon Grass. This 
and the two following are our commonest introduced grasses in cul-
tivated fields. Nruturalized from Europe. ('Story Co., 1883, Bessey.) 
6. S. verticillata (L.) Beauv. Bristly Foxtail. Annual. Its mature 
spikes adhere to the dothing or to the hair of animals and it is being 
rapidly scattered over the state. Naturalized from Europe. (Scott 
Co., 1866, Parry.) 
7. S. viridis (L.) Beauv. Green Foxtail. Annual, common, and our most 
prolific seeded grass. Naturalized from Europe. (Story Co., 1870.) 
8. S. italica L. Millet. Annual, frequent as an escape, but has not be-
come naturalized. Introduced from Europe. (Story Co., 1880, 
Fisher.). 
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9 S. italica germanica (Willd.) Richrter. German Millet. Annual, in-
frequent. Introduced from Europe. (Story Co., 1889, Hitchcock.) 
10. Phleum pratense L. Timothy. Perennial, common in cultivation and 
extensively naturalized in the temperate zones of both hemispheres. 
Introduced from Europe (Story Co., 1882, Hitchcock.) 
11. Sporobolus asperifolius (Nees & Meyer) Thurber. Drop-seed Grass. 
Perennial. Rar·e as an introduction on the Northwestern right-of-
way. Native on the western plains. (Story Co., 1923, Pammel. ) 
12. Agrostis alba L. (Including A. vulgaris With.) Red-top. Perennial. 
Common in cultivation and extensively naturalized. Introduced from 
Europe. (Emmet Co., 1887, Cratty.) 
13. H olcus lanatus L. Velvet Grass. Perennial; naturalized from Europe 
but only occasionally found within our limits. (Story Co., 1893, Car-
ver.) 
14. Avena fatua L. Wild Oat. Annual, a frequent weed in grain fields. 
Adventive fr.om Europe. (Story Co., 1914, Pammel.) 
15. A . sativa L. Oat. Annual; adventive along roadsides and in waste 
places. Introduced frQrn Europe. (Delaware Co., 1880, Hoyt.) 
16. Cynodon dactylon L. Bermuda Grass. Perennial; rare and not hardy 
with us. Naturalized from Europe. (Story Co., 1923, Cratty.) 
17. Eleusine indica Gaertn. Goose Grass, Yard Grass. Annual, a coarse 
species from southern Asia. Infrequent. (Story Co., 1890, Pammel.) 
18. Eragrostis cilianensis (All.) Linlc (E. megastachya Link.) Stink 
Grass, Snake Grass. Annual. A worthless, ill smelling species, com-
mon in cultiated ground. Naturalized from Europe. (Story Co., 
187_1, Beardslee.) 
19. E. minor Host. Annual, similar to the preceding, but smaller in all 
its parts, and rather rare. Adventive fr.om Europe. (Polk Co., 1927, 
Fisk.) 
20. Distichlis spicata (L.) Greene. Spike Grass, Alkali Grass. Peren-
nial; probably introduced in Iowa. Native in saline soil along the 
Atlantic coast, and rarely in the interior. (Ida Co., 1922, Crawford.) 
21. Dactylis glomerata L. Orchard Grass. Perennial, a coarse species, 
frequent in grass land, and in waste places. Naturalized from Eu-
rope. (Story Co., 1871, Beardslee.) 
22. Poa annua L. Low Spear Grass. Annual; common in cultivated and 
waste land. Introduced frQm Europe. (Henry Co., 1894, Mills.) 
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23. P. compressa L. Canada Blue Grass. Perennial. Common in cultiva-
tion and naturalized from Europe. (Story Co., 1880, Bessey.) 
24. P. trivialis L. Rough-stalked Meadow Gress. Perennial. Frequent. 
Naturalized from Europe. (Story Co., 1897, Combs & Pammel.) 
25. P. pratensis L. Kentucky Blue Grass. Perennial. Com.monly nat-
uralized with us, but native further north and west. (Story Co., 
1871, Beardslee.) 
26. Festuca rubra L. Red Fescue. Perennial. An undesirable species 
quite frequent in lawns. Naturalized from Europe. (Tama Go., 1896, 
Sirrine.) 
27. F. ovina L. Sheep F escue. Perennial; rare, introduced from Europe. 
(EmI?-et Co., 1922, Wolden.) 
28. F. elatior L. Tall or Meadow Fescue. Perennial. Frequent in mead-
ows and waste places. Naturalized from Europe. (Story Co., 1875, 
Bessey.) 
29. Bromus secalinus L. Cheat or Chess. Annual. A noxious weed in 
grain fields and waste places. Adventive frOiill Europe. (Story Co., 
1871, Beardslee.) 
30. B. breviaristatus (Hook.) Buckley (B. marginatus Nees.) Short-
lived perennial. Cultivated from the west, and rare as an escape. 
(Story Co., 1890, Pammel.) 
31. B. racemosus L. (B. commutatus Schrad.) Annual, rare. Adven-
tive from Europe; a variable species. (Story Co., 1895, Carver.) 
32. B. hordeace.us L. Annual, rare. Adventive from Europe. (Webster 
Co., 1916, Paige.) 
33. B. hordeaceus glabrescens (Coss.) Spear. Annual; rare. Adventive 
frQin Europe. (Pottawaittamie Co., 1895, Pammel.) 
34. B. japonicus Thunb. Annual. This includes B. arvensis of our Man-
uals, a species which does not occur in America. Frequent in waste 
places. Introduced from Europe. (Story Co., 1894, Carver.) 
35. , B. inermis Leyss. Smooth Brome. Perennial; common in cultivation 
and extensively escaped. Naturalized from Europe. (Story Co., 
1894.) 
36. B. tectorum L. Annual. A worthless, weedy species extensively nwt-
uralized frQm Europe. (Story Co., 1894, Weaver.) 
37. Lolium perenne L. Rye Grass. Perennial; a frequent escape from 
cultivation; a native of Europe. (Story Co., 1888, Crozier.) 
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38. L. multiflorum L. Italian Rye Grass. Biennial O·r perennial. An 
escape in waste places. Introduced from Europe. (Story Co., 1889, 
Hitchcock.) 
39. L. temulentum L. Darnel. Annual. A frequent wood in grain fields 
and wa:ste places. Adventive from Europe. (Story Co., 1875, 
Bessey.) 
40. AgroP,Yron repens (L.) Beauv. Quack Grass. Perennial; one of our 
worst weeds. Naturelized from Europe. (Story Co., 1871, Beards-
lee.) 
41. Secale cereale L. Rye. Annual or biennial. An occasional escape. In-
troduced frron Europe. (Story Co., 1892, Stewart.) 
42. H ordeum jubatiim L. Squirrel Tail Grass. Wild Barley. Annual or 
biennial. A miserable weed, introduced from Europe. (Story Co., 
1871, Beardslee.) 
COMMELINACEAE 
43. Commelina communis L. Day Flower. Perennial. Rare as a weed 
around dooryards and gardens. Introduced from Asia. (Van Buren 
Co., 1925, Pammel.) 
LILACEAE 
44. Asparagus off cinalis L. Garden Asparagus. Perennial. Frequent 
along roadsides, the seed scattered by birds. Introduced from Eu-
rope. (Story Co., 1892, Stewart.) 
IRIDACEAE 
45. Belamcanda chinensis (L.) DC. Blackberry Lily. Perennial. Rare 
along roadsides and in waste places. Introduced from Europe. (Du-
buque Co., 1922, Pammel.) 
SALICACEAE 
46. Popiilus alba L. White poplar. Medium sized tree. Frequent a.s an 
escape. Introduced from Europe. (Story Co., 1897, Combs.) 
47. P. candicans L. Balm of Gilead. MediUiin sized tree. An occasional 
escape. Introduced from Europe. 
48. Salix alba-vitellina (L.) Koch. White Willow. Shrub or small tree. 
Our most common species in cultivation, and a frequent escape. In-
troduced from Europe. (Story Co., 1892, Sirrine.) 
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MORACEAE 
49. Cannabis sativa L. Hemp. Annual. A common escape. The seed is 
mixed with millet and mustard seed in the birdseed of commerce. In-
troduced fr()lll southern Asia. (Fayette Co., 1894, Fink.) 
50. Maclura pom~fera Raf. Osage Orange. Shrub or small tree. An es-
cape in the southern part of the state. Native from Missouri to 
Texas. (Decatur Co., 1892, Anderson.) 
51. Morus alba L. Mulberry. Medium sized tree. ~requent as an escape. 
Naturalized from Europe. (Pottawattamie Co., 1914.) 
URTICACEAE 
52. Urtica urens L. Nettle. Perennial. Sparingly introduced in the 
eastern part of the state. Adventive from Europe. (Johnson Co., 
1894, Fitzpaitrick.) 
POLYGONACEAE 
53. Rumex patientia L. Patience Dock. Perennial. An escape in Ger-
man settlements. Introduced from Europe. (Winneshiek Co., 1895, 
Goddard.) 
54. R. crispus L. Curly Dock. Perennial. A common and troublesome 
weed. Naturalized from Europe. (Winneshiek Co., 1879, Holway.) 
55. R. obtusifolius L. Bitter Dock. Perennial. Fr.equent in the north-
eastern counties. Introduced from Europe. (Winneshiek Co., 1888, 
Holway.) 
56. R. acetosella L. Sheep .Sorrel. P.erennial. A common unlawful 
weed in lamns and pastures. Naturalized from Europe. (Winneshiek 
Co., 1888, Holway.) 
57. Polygoniim orientale L. Prince's Feather. Annual. A tall species 
escaped from cultivation. Introduced fr.om Asia. (Story Co., 1902, 
Pammel.) 
58. P. persicaria L. Lady's Thumb. Annual. Common in waste places. 
Naturalized frqm Europe. (Story Co., 1888, Beyer.) 
59. P. convolvulus L. Black Bindweed. Annual. A common troublesome 
weed in cultivated ground. Naturalized from Europe. (Chickasaw 
Co., 1890, Rolfs.) 
60. Fagopyrrum esculentum Moench. Buckwheat. Annual. Persists as a 
weed for some time after cultivation. Introduced from Europe. 
(Boone Co., 1898, Pammel.) 
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CHENOPODIACEAE 
61. Kochia scoparia (L.) Schrad. Kochia. Annual. The typical plant 
rare. Adventive from Europe. (Story Co., 1927, Cratty.) 
62. K. scoparia trichophila Bailey. Burning Bush, Summer Cypress. 
Annual. A frequerut escape. The whole plant turns purple-red in 
autumn. Introduced from Europe. (Hardin Co., 1912, Pammel.) 
63. Chenopodium ambrosioides L. Mexican Tea. Annual, infrequent. A 
strong scented plant introduced from tropical America. (Story Co., 
1905, Carver.) 
64. C. ambrosioides anthelminticum (L.) Gray. Wormseed. Annual with 
us, and a form of the preceding. Introduced from tropical America. 
(Story Co., 1905, Carver.) 
65. C. botrys L. Jerusalem Oak. Annual. Infrequent. Adventive from 
Europe. (Fayette Co., 1894, Fink.) 
66. C. gl<l{Ucum L. Oak-leaved Goosefoot. Annual. Rare in waste places. 
Adventive from Europe. (Fayette Co., 1911, Anderson.) 
67. C. album L. (Including C. pagamitm Reich.) Lamb's Quarters. Pig-
weed. Annual. A variable weed, ev.erywhere common. Naturalized 
from Europe. (Story Co., 1888, Beyer.) 
69. C. urbicum L. City Goosefoot. Annual. Infrequent. Adventive 
from Europe. (PoJk Co., 1894, Pammel.) 
69. Atriplex argentea Nutt. Salt Bush. Annual. Rar.e. Introduced from 
the western plains. (Polk Co., 1911, Iowa Seed Co.) 
70. A. patula L. Orach. Common and variable. Probably not native with 
us, but native along the Atlantic coast and in Europe. (Winneshiek 
Co., 1895, Goddard.) 
71. A. patula hastata (L.) Gray. Orach. Annua:l, the wide hastate-
leaved form. With the preceding. Introduced from Europe. (Taylor 
Co., 1897, Menoher.) 
72. Salsola kali tenuifoliiis G. F. W. Meyer. (S. pestifer A. Nelson.) 
Russian Thistle. Annual. A common spiny-leaved weed in dry 
ground. Naturalized from Europe. (Eimmet Co., 1887, Cratty.) 
AMARANTHACEAE 
73. Amaranthus retroflexus L. Red Root, Pigwieed. Annual. Common 
in rich, cultivated ground. Naituralized from tropical America. 
(Story Co., 1888, Beyer.) 
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74. A. hybridus L. Green Amaranth. Annual. Infrequent. Adventive 
from tropical America. (Webster Co., 1916, Paige.) 
75. A. blitoides S. Watson. Prostrate Pigw.eed. Annual. Com;m.on. Nat-
urali:?Jed from west of the Rocky Mountains. (Emmet Co., 1882, 
Cratty.) 
75a. Axyris amarantoides L. Russian Pigweed. Annual. A weed intro-
duced from the grain fields of the Dakotas and Canada. A native of 
Russia and Siberia. (Crawford Co., 1929, Pammel and Butler.) 
76. A. torreyi (A. Gray) Benth. Torrey's Amaranth. Annual. Infre~ 
quent; Probably introduced. Native on the western plains. Re-
sembles an Acnida. (Marshall Co., 1891, Stewart.) 
AIZOACEAE 
77. Mollugo verticillata L. Carpet Weed. Annual. Frequent in sandy 
soil. Naturalized from further south. (Winneshiek Co., 1881, Hol-
way.) 
CARYOPHYLLACEAE 
78. Stellaria graminea L. Starwort. Perennial. Rare. Introduced from 
Europe. (Emmet Co., 1923, Wolden.) 
79. S. media (L.) Cyrill. Common Chickweed. Annual or perennial. Com-
mon, and 1a troublesome weed in dooryards. Naturalized from Eu-
rope. (Winneshiek Co., 1881, Holway.) 
80. Cerastium vulgatum L. Mouse-ear Chickweed. Perennial. A com-
mon weed in pastures and waste places. Naturalized from Europe. 
(Hamilton Co., 1892, Stewart.) 
81. Agrostemma githago L. Corn Cockle. Annual. A common weed 
in wheat fields and waste places. Introduced from Europe. (Win-
neshiek Co., 1895, Goddard.) 
82. Lynchis alba L. White campion. Perennial. Fr.equenrt among shrub-
bery and in waste places. Naturalized from Europe. (Winneshiek 
Co., 1876, Holway.) 
83. Si"lene dichotoma Ehrh. Catchfly. Annual. Common, especially in 
clover fields. Introduced frQm Europe. (Mills Co., 1907, Plumb.) 
84. S. noctiflora L. Night-flowering Catchfly. Annual. 
weed around homesteads. Adventive from Europe. 
1890, Sirrine.) 
A frequent 
(Story Co., 
85. S. cserei Baumg. Campion. Annual. Rare. Adventive from Eu-
rope. (Chickasaw Co., 1926, Spiker.) 
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86. L. latifolia (Mill.) Britten & Rendle. Bladder Campion. Perennial. 
Frequent. Naturalized from Europe. (Story Co., 1897, Combs.) 
87. Saponaria officinalis L. Bouncing Bet. Perennial. Frequ€Ilt escape 
to roadsides and vacant spaces. Naturalized from Europe. (Fayette 
Co., 1894, Fink.) 
88. S. vaccaria L. Cow-herb. Annual. Common in grain fields. Ad-
ventive from Europe. (Winneshiek Co., 1895, Goddard.) 
PORTULACACEAE 
89. Portulaca oleracea L. Purslane. Annual. Everywhere common in 
cultivated ground. Naturalized from Europe. (Story Co., 1888, 
Hitchcock.) 
RANUNOULACEAE 
90. Ranunculus acris L. Meadow Buttercup. Perennial. Frequent. 
Naturalized from Europe. (Allamakee Co., 1904, Pammel.) 
91. Delphinium ajacis L. Rocket Larkspur. Annual. Rare as an escape 
to roadsides. Introduced from Europe. (Fayette Co., 1896, Fink. ) 
91a. Berberis thunbergii DC. Japanese Barberry. A small shrub from 
Japan, common in cultivation, but rare as an escape. (Floyd Co., 
1929, Pammel.) 
92. D. cultorum Voss. Candle Larkspur. Perennial. Frequently es-
caped from gardens. Old World form, whose origin has not been 
worked out. (Boone Co., 1924, Pammel.) 
BERBERIDACEAE 
93. Berberis vulgaris L. Common Barberry. Shrub. Frequent as an 
escape. No longer <Bold by nurserymen on account of its being the 
alternate host of Piiccinia graminis, the black rust of wheat. Natur-
alized from Europe. (Story Co., 1892, Stewart.) 
PAPAVERAOEAE 
94. Chelidonium majus L. Celandine. Biennial. Rare as an escape. 
Introduced from Europe. (Cherokee Co., 1928, Pammel.) 
95. Argemone mexicana L. Prickly Poppy. Annual. An occasional escape 
fro,m gardens. Introduced from Mexico. (Henry Co., 1897, Mills.) 
CRUCIFERAE 
96. Draba verna L. WhiHaw Grass. Annual. Rare. Adventive from 
Europe. (Story Co., 1897, Combs.) 
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97. Berteroa incana (L.) DC. Hoary Alyssum. Annual or biennial. Fre-
quent in cultivated land. Naturalized from Europe. (Mills Go., 
1919.) 
98. Thlaspi arvense L. Penny Cress. Annual. Common. Naturalized 
from Europe. (Marion Co., 1907, Pammel.) 
99. Lepidium apetalum Willd. (L. densiflorum Schrad.) Peppergrass. 
Annual. Very common in grain fields. Naturalized from Europe. 
(Chickasaw Co., 1890, Rolfs.) 
100. L. campestre L. Downy Peppergrass. Annual. Becoming frequent. 
Introduced from Em,ope. (Buchanan Co., 1925, Wa1ters.) 
101. L. perf oliatum L. Perfoliate-leaved Peppergrass. Annual or · bien-
nial. Rare. Adventive from Europe. (Story Co., 1920, Hayden.) 
102. L. draba L. Perennial Peppergrass. A harmful weed, naturalized 
from Europe, and becoming frequent. (Carroll Co., 1920, Cowles.) 
103. Capsella bursa-pastoris (L.) Medic. Shepherd's Purse. Annual or 
winter annual. Very common. Naturalized from Europe. (Winne-
shiek Co., 1893, Holway.) 
104. Camelina sativa (L.) Cmntz. False Flax. Annual. A frequent weed 
in flax fields and w:aste places. Introduced from Europe. (Winne-
siek Co., 1893, Holway.) 
105. C. microcarpa Andrz. Smaller False Flax. Annual. Rare. Adven-
tive from Europe. (Dickinson Co., 1893, Conard.) 
106. Raphanus raphanistrum L. Wild Radish, J ·oiruted Charlock. Annual 
or biennial. Infrequent. Naturalized freim Europe. (Winneshiek 
Co., 1895, Goddard. 
107. Brassica arvensis (L.) Kuntze. Charlock. Annual. A very com-
mon, noxious weed. Naturalized from Europe. (Clayton Co., 1891, 
Pammel.) 
108. B. alba (L.) Boiss. White Mustard. Annual. Rare as an escape. 
Introduced fr<¥U Europe. (Story Co., 1894, Pammel.) 
109. B. juncea (L.) Cosson. Indian Mustard. Annual. Common and 
often confused with B. arvensis. Naturalized from Europe. (Kos-
suth Co., 1897, Pammel.) 
110. B. nigra (L.) Koch. Black Mustard. Annual. A common weed, 
mostly in waiste places. Naturalized from Europe. (Story Co., 1891, 
Rolfs.) 
B. napus L. Rape, and B. rapa L. the turnip, both biennials, intro-
duced from Europe, tend to escape and occasionally persist for a few 
years. 
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111. Eruca sativa Mill. Garden Rocket. Annual. Rare as a garden 
escape. Introduced frQm Europe. (Plymouth Oo., 1912, Millner.) 
112. Diplotaxis muralis (L.) DC. Wall Mustard. Annual or biennial. 
Sparingly adventive from Europe. (Emmet Co., 1925, Wolden.) 
113. Conringia orientalis (L.) Dumont. Hare's Ear Mustard. Annual. 
Sparingly naturalized from Europe. (Decatur Co., 1911, Anderson.) 
114. Sisymbrium officinale leiocarpum DC. Hedge Mustard. Annual or 
biennial. A common weed, naturalized from Europe. The species 
with pubescent pods has not been detected with us. (Winneshiek 
Co., 1881, Holway. 
115. S. altissiiim L. (N orta, Britton). Tumble Mustard. Annual or bi-
ennial. Common in waste places, especially around grain elevators. 
Naturalized from Europe. (Story Co., 1890, Sirrine.) 
116. S. sophia L. Hoary Hedge Mustard. Annual or winter annual. 
Rare. Adventive from Europe. (1919, Melhus.) 
117. S. thalianum (L.) J. Gay. Mouse-ear Cress. Annual. Rare with us; 
reported only from Fort Dodge. Adventive from Europe. (Web-
ster Co., 1916, Paige.) 
118. H esperis matronalis L. Dame's Violet. Biennial or perennial. Oc-
casionally escaped to roadsides. (Introduced from Europe. (Web-
ster Co., 1916, Paige.) 
119. Radicula nasturtium-aqiiaticum (L.) Br:iJtten & Rendle. Waiter Cress. 
Perennial. Rare along brooks and ditches. Introduced from Euro·pe. 
(Fayette Co., 1893, Anderson.) 
120. R. sylvestris (L.) Druce. Perennial; rare. Adventive from Europe. 
(Story Co., 1926, Cratty.) 
121. R. armoracia (L.) Robinson. Horse Radish. Perennial. Frequently 
escaped. Introduced fvom Europe. (Winneshiek Co., 1895, Goddard.) 
122. Barbarea vulgaris R. Br. Winter Cress, Yellow Rocket. Perennial; 
frequent. Introduced from Europe, but native far northward. (Story 
Co., 1900, Sirrine.) 
CRASSULACEAE 
123. Sedum purpureum Tausch. (S. telephium of Manual 6th ed.) Live-
Forever. Perennial. Commonly cultivated and an occasional escape. 
Introduced frQm Europe. (Decatur Oo., 1897, Anderson.) 
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SAXIFRAG.A<CEAE 
124. Ribes odoratum Wend. (Not R. aureum Pursh.) Flowering Currant. 
'I ,ow shrub. Frequently escaped, and c(mmon in cultivation. Per-
haps nativ,e in our southwestern counties. Nrutive from Nebraska to 
Texas. (Henry Co., 1897, Pammel.) 
ROSACEAE 
125. Pyrus malus L. The common apple. Tree. Introduced frOilll Europe, 
and sometimes escaped. (Jones Co., 1920, Pammel.) 
126. P. baccata L. Siberian Cra:b Apple. Small tree. Rare as an escape. 
Cultivated from northern Asia. (E~met Co., 1922, Wolden.) 
127. Potentilla recta L. Five-Finger. Perennial. Rare. Reported only 
from one locality. Adventive from Europe. (Story Co., 1922, Pam-
mel.) 
127a. Prunus cerasiis L. Sour Cherry. A species from Europe, very 
common in cultivation, and occasionally escaped. Floyd Co., 1929, 
Pammel.) 
127b. Sorbus auciiparia L. The European Mountain Ash, or Rowan Tree. 
A small tree, ,common in cultivation, but rare as an escape. (Howard 
Co., 1927, Mrs. F. May Tuttle.) 
128. Rosa rubiginosa L. Sweet briar. Low shrub. Frequently escaped. 
Introduced from Europe. (Des Moines Co., 1925, Pammel.) 
129. Prunus persica (L.) Stokes. Peach. Small tree. Escaped .fro\ffi cul-
tivation in the southeastern counties. Native of China, but once 
thought to have come from Persia, whence the specific name. (Van 
Buren Co., 1923, Pammel.) 
LEGUMINOSEAE 
130. Trif olium arvense L. Rabbit-foot or Stone Clover. Annual. Fre-
quent in rather dry ground. Introduced from Europe. ("\Vinneshiek 
Co., 1895, Fitzpatrick.) 
131. T. incarnatum L. Crimson Clover. Annual. Rare as an escape. In-
troduced from Europe. (Iowa Co., 1902, Welch.) 
132. T. pratense L. Common Red Clover. Perennial. Escaped to road-
sides. Introduced from Europe. (Story Co., 1880, Bessey.) 
133. T. repens L. White Clover. Perennial. Common. Introduced from 
Europe. Doubtfully indigenous to America. (Story Co., 1892, 
Carver.) 
134. T. hybridum L. Alsike Clover. Perennial. A common escape. In-
troduced from Europe. (Emmet Co., 1885, Cratty.) 
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135. T. agrariU'ln L. Yellow Hop Clover. Annual. A rare escape. Intro-
duced from Europe. (Buchanan Co., 1920, PaIIljlllel.) 
136. T. procumbens L. Low Hop Clover. Annual. Frequent. Naturalized 
from Europe. (Story Co., 1880, Bessey.) 
137. Melilotus officinalis (L.) Lam. Yellow Swe etClover. Biennial. Com-
mon in waste places. Nwturalized from Europe. (Story Co., 1895, 
Carver.) 
138. M. alba Desr. White Sweet Clover. Annual or biennial. Cultivated 
and a co~on escape. Naturalized from Europe. (Winneshiek Co., 
1881, Holway.) 
139. Medicago sativa L. Alfalfa. Perennial. Common in cultivation and 
as an escape. Naturalized from Europe. (iStory Co., 1882, Bessey.) 
140. M. falcata L. Yellow-ffo.wered Alfalfa. Perennial. Rare. Adven-
tive from Europe. (Story Co., 1928, Cratty.) 
141. M. lupulina L. Black Medick. Perennial. Frequent. Adventive 
from Europe. (Story Co., 1898, Hodson.) 
142. Anthyllis vulneraria L. Kidney Vetch. Perennial. Rare. Adven-
tive from Europe. (Wright Co., 1925, Hayden.) 
143. Robinia pseudo-acacia L. Common Locust. Small tree. Sparingly 
naturali'.bed. N8Jtive further south. (Louisa Co., 1895, Carver.) 
144. R. hispida L. Bristly Locust. Rose Acacia. Small tree. An occa-
sional .escape from cultivation. Native from Virginia to Georgia. 
('Chickasaw Co., 1926, Spiker.) 
145. Coronilla varia L. Coronilla Axwort. Perennial. Rare. Adventive 
from Europe. (Plymouth Co., 1924, Hahn.) 
146. Vicia sativa L. Spring Vetch. Annual. An infrequent escape. In-
troduced from Europe. (Chickasaw Co., 1926, Spiker.) 
147. V. villosa Roth. Hairy or Winter Vetch. Annual or 'biennial. A 
frequent escape from cultivation. Introduced from Europe. (Story 
Co., 1890, Sirrine.) 
147a. Geranium pusillum. Crane's Bill. A slender annual introduced in 
grass seed. Native of Europe. (Poweshiek Co., 1919, Conard.) 
LINACEAE 
148. Linum usitatissimum L. Common Flax. Annual. An occasional 
escape. Does not persist long. Introduced from Europe. (Winne-
shiek Co., 1895, Goddard.) 
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GERANIACEAE 
149. Erodium cicutarium (L.) L'Her. Storksbill, Alfiaria. Annual. A 
rar·e, hairy plant, adventive frQm Europe. (1Story Co., 1914, Pam-
mel.) 
ZYGOPHYLLACEAE 
150. Tribulus terrestris L. Caltrop. Puncture Vine. Annual. Adventive 
from Europe. (Ringgold Co., 1925, Swigart.) 
EUPHORBIACEAE 
151. Euphorbia essula L. Spurge. Perennial. A deep rooted species be-
coming frequent. Naturalized from Europe. ('Story Co., 1907, 
Pammel.) 
152. E. cyparissias L. Cypress. Spurge. Grave Moss. Perenial. A com-
mon escape. Introduced from Europe. (Floyd Co., 1875, Arthur) 
153. E. peplus L. Petty Spurge: Annual. Rare. Adventive from Europe. 
(Muscatine Co., 1891, Reppert.) 
RHAMN.ArCEAE 
154. Rhamnus cathartica L. Common Buckthorn. Shrub. An occasional 
escape. Introduced from Europe. (Floyd Co., 1918, Pammel.) 
MALVACEAE 
155. Abutilon thophrasti Medic. Butter Print, Velvet Leaf. Annual. 
Common. Naturalized from Europe. (Winneshiek Co., 1879, Hol-
way.) 
156. Sida spinosa L. Indian or False Mallow. Annual. Infrequent, nat-
uralized frqm the tropics. (Madison Co., 1892, Carver.) 
157. Althaea rosea Cov. Hollyhock. Biennial. Frequent as an escape from 
cultivation. Introduced foom China. (Floyd Co., 1924, Pammel.) 
158. Malva rotundif olia L. CommDll Mallow. Annual or biennial. A 
common weed in yards. Naturalized from Europe. (Chickasaw Co., 
1890, Rolfs.) 
159. M. verticillata L. (Including M. crispa L.) Curled Mallow. Tall 
annual, rare. Adventive from Europe. (Winneshiek Co., 1895, 
Goddard.) 
160. M. sylvestris L. High Mallow. Biennial. Infrequent. Introduced 
from Europe. (Johnson Co., 1893, Fitzpatrick.) 
• 
• 
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161. Hibiscus trionum L. Flower-of-an~hour, Shoo-Fly. Annual. A 
troublesome w·eed in some places. Naturalized from Europe. (Story 
Co., 1882, Wood.) 
GUTTIFERACEAE 
162. Hypericum perforatum L. Common St. John 's-wort. Perennial; in-
frequent. Introduced from Europe. (Winneshiek Co., 1918, Cratty.) 
ELAEAGNACEAE 
163. Eleaeaguus angustifolia L. Russian Olive, Oleaster. Shrub or small 
tree. Rare as an escape from cultivation. Introduced from Asia. 
(Dickinson Co., 1926, Pammel.) 
ONAGRACEAE 
164. CEnothera laciniata Hill. (0. sinuata L.) Evening Primrose. Win-
ter annual. Rare; introduced from the western plains. (Polk Co., 
1924, Zuck) 
165. (JE, nuttallii Sweet. (Aongra Spach.) Primrose. Perennial. Very 
rare; probably introduced from the west. (Story Co., 1920, King.) 
U:M:BELLIFEREAE 
166. Conimn maculatum L. Poison Hemlock. Biennial. Sometimes culti-
vated under the false name of California Fern. Infrequent. Nat-
uralized from Europe. A decoction of the bulbous roots was used to 
kill criminals by the ancient Greeks. (Boone Co., 1926.) 
166a. Torilis aiithriscus (L.) Gmel. Knotted Hedge Parsley. Annual; 
introduced from Europe. Rare. (Hardin Co., 1929, Pammel.) 
167. Carum carvi L. Caraway. Biennial. Infrequent. Introduced from 
Europe. (Fayette Co., 1885.) 
168. Foeniculiim vulgare Hill. Fennel. Perennial. Rare. Adventive 
from Europe. (Story Co., 1924, Pammel.) 
169. Pastinaca sativa L. P arsnip. Biennial. A common escape along 
roadsides. Naturalized from Europe. (Dubuque Co., 1895, Fitz-
patrick.) · 
170. DaiiC1Us carota L. Carrot. Biennial. An undesirable weed in many 
places. Naturalized from Europe. (Adair Co., 1891, Stewart.) 
PRIMULACEAE 
170. DaiiC1Us carota L. Carrot. Biennial. An undesirable weed in many 
places. Naturalized from Europe. (Adair Co., 1891, Stewart.) 
PRIMULACEAE 
170. DaiiC1Us carota L. Carrot. Biennial. An undesirable weed in many 
places. Naturalized from Europe. (Adair Co., 1891, Stewart.) 
THE IMMIGRANT FLORA OF IOWA 263 
ASCLEPIADACEAE 
172. Vincetoxicum carolinense (Jacq.) Britton. Angle-pod. Perennial. 
A rare introduction in gardens, and native further south. (Fre-
mont Co., 1925, Pammel.) 
CONVOLVULACEAE 
173. lponwea hederacea Jacq. Ivy-leaved Morning-glory. Annual. A 
frequent escape from cultivation. Introduced from tropical America. 
(Boone Co., 1912, Pammel.) 
174. I. purpurea (L.) Roth. Common Morning-glory. Annual. Fre-
quently escaped. Introduced frqm tropical America. (Lee Co., 
1891, Rolfs.) 
175. Convolvulus japoniciis Thurrb. California Rose is a misnomer. Per-
ennial. A completely sterile form, rarely escapes from cultivation 
by suckering. Introduced from Japan. (Clayton Co., 1928, Miss 
Helwig.) 
176. C. arvensis L. European Morning-Glory, Field Bindweed. Peren-
nial. A troublesome weed. Naturaliz;ed from Europe. (Fayette 
Co., 1893, Fink.) 
177. Cuscuta epithamum L. Dodder. Annual. A frequent parasite on 
clover. Introduced frQm Europe. (Story Go., 1904, Pammel.) 
POLEMONIA CEAE 
178. Phlox paniculata L. Garden Phlox. Perennial. An occasional es-
cape from gardens. Native further east and south. (Jackson Co., 
1919, Pammel.) 
179. P. subulata L. Ground or Moss Pink. Perennial. Native of the 
Atlantic States. Cultivated and persistent around old gardens. (Fay-
ette Co., 1893, Fink.) 
180. Gilia intertexta Benth. (Navarretia Hook.) Annual. A small Pa-
cific coast species recently introduced here; known from but two lo-
calities. (Page Co., 1920, Eichling.) 
BORAGINACEAE 
181. Cynoglossum officinale L. Common Hound's Tongue. Biennial. 
Frequent. Naturalized from Europe. (Madison Co., 1895, Carver.) 
182. Lappiila echinata Gilibert. (Echinospermum lappula Lehm. Stick-
seed. Annual. Common. Naturalized from Europe. (Winneshiek 
Co., 1881, Holway.) 
183. Echium vulgare L. Blue W.eed, Blue Devil. Biennial. Infrequent. 
Naturalized from Europe. (Cherokee Co., 1924, Pammel.) 
264 R. I. CRATTY 
VERBENACEAE 
184. Verbena hybrida Voss. Common Garden Verbena. Perennial. A 
hybrid derived from South American species, and an occasional es-
cape. (Boone Co., 1924, Pammel.) 
LABIATE 
185. Marubium vulgare L. Common Ho11ehound. Perennial. Frequent. 
Naturalized from Europe. (Fremont Co., 1914, Pammel.) 
186. Nepeta cataria L. Catnip. Perennial. Very com,mon. Naturalized 
from Europe. (Emmet Co., 1884, Cratty.) 
187. N. hederacea (L.) Trevison. (Glechona L.) Ground Ivy, Gill-over-
the-ground. Frequent; a creeping perennial. Naturalized from 
Europe. (Winneshiek Co., 1881, Holway.) 
188. Galeopsis tetrahit L. Hemp Nettle. Annual. A coarse plant, quite 
rare. Naturalized from Europe. (Winneshiek Co., 1895, Goddard.) 
189. Lamium amplexicaule L. Henbit. Perennial. Infrequent. Adven-
tive from Europe. (Taylor Co., 1914, Mason.) 
190. Leonurus cardiaca L. Motherwort. Perennial. A coarse plant, fre-
quent. Naturalized from Europe. (Johnson Co., 1887, Hitchcock.) 
191. L. sibiricus L. Siberian Motherwort. Biennial. Rare. Adventive 
from Europe. (Poweshiek Co., 1923, Conard.) 
192. Salvia sylvestris L. Sage. Perennial. Very rare. Adventive from 
Europe. (Dickinson Co., 1920, Cratty.) 
193. Mentha spicata L. 
ized from Europe. 
Spearmint. Perennial. Infrequent. Natural-
(Decatur Co., 1896, Anderson.) 
194. M. piperita L. Peppermint. Perennial. Infrequent. Naturalized 
from Europe. (Decatur Co., 1903, Anderson.) 
195. M. gentilis L. Cr·eeping or Downy Mint. Perennial. Rare. Nat-
uralized from Europe. (Clinton Co., 1896, Pammel.) 
SOLANACEAE 
196. Solanum dillcamara L. Bittersweet. Perenial. A .hardy vine and a 
frequent escape. Naturalized from Europe. (Kossuth Co., 1897. 
Burdell.) 
197. S . triflorum Nutt. Annual. Infrequent. Native west and south-
west. (Fayette Co., 1894, Fink.) 
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198. S. carolinense L. Horse Nettle. Perennial. A frequent unlawful 
weed. Naturalized from the south. (Story Co., 1890, Stewart.) 
199. S. sisymbriifolium Lam. Viscid Nightshade. Annual. Rare. Ad-
ventive from tropical America. (Jefferson Co., 1920, Deal.) 
200. S. rostratum Dunal. Buffalo Burr. Annual. Collltfllon. Adventive 
from the western plains. (Ringgold Co., 1890, Rutledge.) 
201. S. citrullif oliiim A. Br. Citron-leaved Nightshade. Annual. Infre-
quent. Adventive from the southwest. (Fayette Co., 1893, Fink.) 
202. S. jamesii. Torr. Wild Potato. Perennial. Rare; an escape from 
cultivaition and probably no longer to be found in the state. Native 
of the Rocky Mountains. (Story Co., 1898, Sample.) 
203. Physalis ixocarpa Brotero. Tomatillo. Annual. Escaped from cul-
tivation. Native to our Southwest. (Dickinson Co., 1923, Cratty.) 
204. P. alkekengi L. Winter Cherry, Chinese Lantern. Perennial. Rare 
as an ·escape from cultivation. Introduced from China. (Potta-
wattamie Co., 1924, Felter.) 
205. Lycium halimifolium Mill. (L. vulgare, Dunal.) Matrimony vine. 
A shrubby plant frequently escaped. Introduced from Europe. 
(Marshall Co., 1902, Pammel.) 
206. Datura stramonium L. Jim.son Weed, Thorn Apple. Annual. A rank 
smelling plant. Frequent. Naturalized from Asia. (Emmet Co., 
1882, Cratty.) 
207. D. tatula L. ·Purple Thorn Apple. Annual. Infrequent. A purple-
fl.owered and purple-stemmed form by some authors included in the 
preceding. Naturafoied frqm Asia. (Fayette Co., 1894, Fink.) 
SCROPHULARIACEAE 
208. Verbasc.um thapsus L. Common Mullein. Velvet Dock. Biennial. 
Common. Naturalized from Europe. (Winneshiek Co., 1881, Hol-
way.) 
209. V. blattaria L. Moth Mullein. Biennial. Rare. Introduced from 
Europe. (Johnson Co., 1894, Fitzpatrick.) 
210. Linaria vulgaris L. Toad Flax, Butter-and-Eggs. Perennial. A 
common escape. Naturalized from Europe. (Story Co., 1883, Hitch-
cock.) 
211. L. minor L. ( Chaenorrhiniim Lange). Smaller Toad Flax. Annual. 
Very rare. Adventive from Europe. (Chickasaw Co., 1924, Spiker.) 
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212. Antirrhinum majus L. Snapdragon. Perennial. A frequent escape. 
Introduced from Europe. (Boone Co., 1924, Pammel.) 
213. Veronica arvensis L. Corn Speedwell. Annual. Frequent. Natural-
ized from Europe. (Johnson Co., 1889, .Hitchcock.) 
214. V. tournefortii C. C. Gmelin. (V. persica Poir.) Speedwell. An-
nual; rare. Adventive from Europe. (Chickasaw Co., 1926, Spiker.) 
PLANTAGINACEAE 
215. Plantago eriopoda Torr. Plantain. Perennial. Rare. Adventive 
from :the northwest. (Story Co., 1913, Anderson.) 
216. P. lanceolata L. Buckhorn. Perennial. A common pernicious weed. 
Naturalized from Europe. (Story Co., 1890, Sirrine.) 
RUBIACEAE 
217. Galium verum L. Yellow-flowered Bedstraw. Perennial. Rare. 
(Cass Co., 1925, Sorden.) 
218. Diodia teres Walt. Button Weed. Annual. A rare plant, intro-
duced from the South. (Story Co., 1927, Lounsberry.) 
CAPRIFOLIACEAE 
219. Lonicera tatarica L. Tartarian Honeysuckle. Shrub, introduced 
from Asia, and an occasional escape. (Fayette Co., 1894, Fink.) 
220. L. sempervirens L. Trumpet Honeysuckle. Shrubby plant; rare as 
an escape. Native further east and south. (Chickasaw Co., 1925, 
Spiker.) 
221. Symphoricarpos racemosus laevigafos Fernald. (S. albus laevigafas 
Blake.) Snowberry. Low shrub. Rare as an escape. Native further 
north and northeast. (Webster Go., Paige.) 
COMPOSITAE 
222. Inula helenium L. Elecampane. Perennial; naturalized from Eu-
rope. A rare ·escape. (Johnson Co., 1895, Fitzpatrick.) 
223. Xanthium spinosum L. Spiny Cocklebur. Annual. Rare. (Story 
Co., 1927, Smith.) 
224. H elianthus annuus L. Common Sunflower. Annual, cultivated and 
a frequent escape. Native from Saskatchewan to Texas and west-
ward. The wild form is by some referred to as H. lenticularis Dougl. 
(Winneshiek Co., 1879, Holway.) 
225. H. petiolaris Nutt. Prairie Sunflower. Annual; frequent. Native 
of the western plains and probably introduced in Iowa. (Muscatine 
Co., 1894, Reppert.) 
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226. Coreopsis tinctoria Nutt. Coreopsis. Annual. Frequent as an es-
cape. Native further west and south. (Story Co., 1892, Burgess.) 
227. Galinsoga parviflora hispida DC. Galinsoga. Annual; infrequent. 
Adventive from South America. (Mitchell Co., 1913, Tuttle.) 
228. Achilleia mill if olium L. Milfoil, Yarrow. Perennial; frequent. Ad-
ventive from Europe. Less common than the next species. ( Chicka-
saw Co., 1890, Rolfs.) 
229. A. lanulosa Nutt. Milfoil. Perennial; common. Native from Sas-
katchewan to New Mexico and westward; becoming common further 
east. The difference between these two species hardly warrants their 
being kept separate. (Winneshiek Co., 1881, Holway.) 
230. Anthemis cotula L. May Weed, Dog Fennel. Annual. Very common 
around homesteads. Naturalized from Europe. Winneshiek Co., 
1881, Jlolway.) 
231. Matricaria suaveolens (Pursh) Buchenau. (M. discoidea DC.) Wild 
Chamomile. Annual. Frequent. Adventive from the Pacific Coast. 
(Cerro Gordo Co., 1908, Pammel.) 
232. Chrysanthemum leucanthemum L. W~ite w ,eed, Ox~ey.e Daisy. 
Perennial, common. Naturalized from Europe. A variable plant. 
(Winneshiek Co., 1881, Holway.) 
233. Tanacetum vulgare L. Tansy. Perennial. An occasional escape 
from cultivation. Introduced from Europe. (Fayette Co., 1893, 
Fink.) 
234. Artemisia abrotanum L. Old Man, Southern Wood. Perennial. 
Rare as an escape. Introduced from Europe. (Mitchell Co., 1913, 
Tuttle.) 
235. A. annua L. Annual W or1mwood. Frequent. Naturalized from 
Europe. (Decatur Co., 1898, Fitzpatrick.) 
236. A. absinthium L. Wormwood. Perennial, shrubby. An occasional 
escape. Naturalized from Europe. (Central Iowa, 1925, Wilkin-
son.) 
237. Arctium minus Bernh. Smaller Burdock. Biennial, very common. 
Naturalized from Europe. (Winneshiek Co., 1879, Holway.) 
238. A . minus tomentosum (Mill.) Gay. Woolly Burdock. Biennial. 
Very rare. (Emmet Co., 1892, Wolden.) 
239. Echinops sphaerocepha4us L. Globe Thistle. Perennial. Very rare. 
Adventive from Europe. (Clay Co., 1923, Willard.) 
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240. Cartharnus tinctorius L. Saffron. Annual; rare. A ,spi'ny-leaved 
plant, perhaps not persistent. Adventive from Asia. (Sac Co., 
1927, Rogers.) 
241. Carduiis acanthoides L. Annual or biennial. Smaller Musk Thistle. 
Rare. Adventive from Europe. (Calhoun Co., 1911, Hartley.) 
242. C. nutans L. Musk Thistle. Biennial; infrequent. Adventive from 
Europe. (Sac Co., 1894, Posey.) 
243. C. lanceolaturn L. Bull Thistle. Biennial. Frequent in pastures 
and along highways. Naturalized from Europe. (Lee Co., 1891, 
Rolfs.) 
244. C. arvense (L.) Scop. Canada Thistle. Perennial. A permc1ous 
weed, becoming very common. Naturalized from Europ.e. (Emmet 
Co., 1895, Canon.) 
245. C. arvense mite Wim. & Grab. Canada Thistle. Perennial. A rare 
form with entire leaves. Introduced from Europe. (Central Iowa, 
1921.) 
246. Onopordon acanthiurn L. Cotton or Scotch Thistle. Annual or bi-
ennial; infrequent. Adventive from Europe. (Fayette Co., 1925, 
Farm Bureau.) 
247. Centaurea solstitialis L. Barnaby's Thistle. Annual. A common 
weedy plant. Naturalized from Europ.e. (Greene Co., 1903, Sun-
dell.) 
248. C. jacea L. Brown Knapweed. Perennial; infrequent. Adventive 
from Europe. (Cherokee Co., 1924, Ellis.) 
249. C. cyanus L. Corn Flower, Blue Bottle. Annual. A co,mmon escape. 
Introduced from Europe. (Story Co., 1904, Pammel.) 
250. C. rnaculosa Lam. Spotted Knapweed. Annual or biennial; infre-
quent. Adventive from Europe. (Hamilton Co., 1922, Catlin.) 
251. C. nigrescens Willd. Black Knapweed. Perennial; rare. Adven-
tive from Europe. (Calhoun Co., 1911, Hartley.) 
252. Cichoriurn intybus L. Chickory, Blue Sailors. Perennial. Frequent 
along roadsides. Naturalized from Europe. (Fayette Co., 1893, 
F 'ink.) 
253. Picris echioUies L. Ox-tongue. Annual or biennial; rare. Adventive 
from Europe. (Clarke Co., 1924, Agans.) 
254. Tragopogon pratensis L. Goat's Beara. Biennial or perennial; fre-
quent. Introduced from Europe. (Story Co., 1894, Stewart.) 
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255. Taraxacum officinale ·weber. Dandelion. Perennial. Very common. 
Naturalized from Europe. (Hardin Co., 1873, Cameron.) 
256. T. erythrospermum Anderz. Red-seeded Dandelion. Perennial. 
Less common than the preceding. Naturalized frQIIl Europe. (Story 
Co., 1918, Cratty.) 
257. Sonchus arvensis L. P·erennial Sow Thistle. Frequent, a pernicious 
weed. Naturalized from Europe. (Greene Co., 1898, Tomson.) 
258. S. oleraceus L. Sow Thistle. Annual; very common. Naturalized 
from Europe. (Johnson Co., 1887, Hitchcock.) 
259. S. asper L. Sow Thistle. Annual; frequent. Naturalized from Eu-
rope. (Floyd Co., 1874, Arthur.) 
260. Lactuca scariola L. Prickly Lettuce. Annual or winter annual; com-
mon. Naturalized frqm Europe. (Shelby Co., 1913, Pammel.) 
261. L. virosa L. (L. scariola integrata Gren. & Godr.) Prickly Lettuce. 
Annual or winter annual. Too near the preceding. Naturalized 
from Europe. (Wright Co., 1894, Pammel.) 
262. Crepis tectorum L. Hawk's Beard. Annual; rare. Adventive from 
Europe. (Marshall Co., 1926, Walker.) 
263. Hieracium florentiniim All. King Devil. Perennial; a harmful 
weed; infrequent. Adventive from Europe. (Butler Co., 1920, 
Crowgey.) 
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INTRODUCTION 
Riker and Keitt (21), in their isolation studies in 1925 on 175 piece-
root grafted apple trees with overgrowths at the union, failed to obtain 
an organism which would produce crown gall when inoculated into tomato 
plants. Later, the same investigators (22) (23), extending their isolation 
trials to include 227 trees similarly affected, were able to recover Pseudo-
monas tumefaciens Sm. and Town. from less than two per cent of the speci-
mens. In isolation trials made by Muncie (15) (16) in 1925 and 1926 on 
piece-root grafted nursery apple trees, showing the typiool '' wooly knot'' 
type of overgrowth at the union, the crown gall organism was recovered 
from 23 of the 196 trees tested. 
Further isolation trials were made by Riker and Keitt (24) on 180 
apple trees similar to those employed in their preceding studies. Of this 
lot, 24 trees showed characters of both wound overgrowth and crown gall. 
Ps. tumefaciens was recovered from 21 of the trees studied. 
It is significant to note that these investigators wer.e unable, in a 
majority of cases, to recover Ps. tumefaciens from the "woolly knot" type 
of overgrowth at the union. However, they obtained many bacterial colo-
nies closely resembling Ps. fomefaciens, which upon inoculation into to-
mato plants and other hosts, failed to produce crown gall. 
The data presented by Muncie (15) .show that organisms, non-patho-
genic on tomato, but closely res~mbling Ps. tumefaciens were obtained from 
77 of the 196 trees used in isolation trials. Riker and Keitt (24) also ob-
tained from the interior of certain wound overgrowths, organisms which 
produced colonies on agar plates resembling those of the crown gall bac-
teria. These organisms failed to produce infection on tomato (Lycopersicon 
esculentum Mill.), geranium (Pelargonium hortoriim Bailey), tobacco 
*A thesis submitted to the Graduate Faculty of the Iowa State College in partial ful-
fillment of the requirements for the degree Doctor of Philosophy. 
**The writer wishes to acknowledge his indebtedness to Dr. I. E. Melhus, under whose 
direction this work was done, for helpful criticism and sug-gestions received 
throughout the course of these investigations. He is also indc '>ted to Dr. J. H . 
Muncie for critically reading the manuscript. 
These studies have been carried out in connection with the crown gall project 
in which the Crop Protection Institute of the National Research Council, University 
of Wisconsin, U. S. Department of Agriculture, Office of Mycology and Dis-
ease Survey, and Iowa State College are cooperating. 
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(Nicotiana tabacum L.) and apple (Pyrus malus L.) and were regarded 
by them as soil bacteria which survived in the conv-0lutions of the tissues 
of the wound overgrowths. That such organi,$Ils exist in association with 
galls has been repeatedly shown by Smith, Brown and T-0wnsend (28) , 
who, in many cases, were una·ble to obtain infection from organisms cl-0sely 
resembling Pseudomonas tumefaciens taken from overgrowths on young 
apple trees. 
'I'hese findings raised the question as to the origin of the overgrowths 
at the union ·of the piece-root grafted apple trees and that of the signifi-
cance of the organisms resembling Ps. tumefaciens taken from these mal-
formations. It is proposed in this paper to present the results of bio-
logical studies involving 15 non-pathogenic organisms obtained in isolation 
trials upon some 200 ov.ergrowths of the ''woolly knot'' type on piece-root 
grafted young apple trees. These studies include a comparison of the 
morphology, pathogenicity, cultural and chemical and serological agglu-
tination reactions of the 15 organisms with those of different strains of 
Ps. tuinef aciens of known virulence. 
SOURCE OF THE CULTURES EMPLOYED 
The 15 non-pathogenic cultures used in this study were supplied by 
Dr. J . H . Muncie, of this laboratory. With two exceptions, they were ob-
tained while making isolations from overgrowths '.on nursery stock. The 
following descriptions, supplied by Dr. Muncie, are summarized in table 1. 
TABLE 1. Description of the 15 non-pathogenic organisms used in cultural studies. 
Culture 
number 
15 
27 
33 
43 
50 
98 
116 
119 
121 
123 
130 
133 
139 
162 
174 
1080* 
Host 
plant 
Bean 
Apple 
Peach 
Apple 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" Almond 
Diagnosis of overgrowths 
Crown I Callus \ H airy 
gall I knot knot Where collected 
f Iowa 
+ " 
+ Tennessee 
+ Nebraska 
+ " 
+ New York 
+ Missouri 
+ " + " 
+ " + Indiana 
+ Iowa 
+ " + Missouri 
+ Iowa 
+ California 
*Culture number 1080 was obtained through the courtesy of Prof. C. 0. Smith, Graduate 
School of Tropical Agriculture and Citrus Experiment Station, Riverside, California. 
MORPHOLOGICAL AND CULTURAL STUDIES 
The morphology of the 15 non-pathogenic organisms and one patho-
genic strain (R) of the crown gall organism isolated from raspberry was 
studied in 24 hour cultures grown on neutral potato dextrose agar at room 
temp.erature. Baggett's method was used in making the Gr3;II1 stain. A 
24 hour culture of Bacillus subtilis (Ehr.) Cohn was used for comparative 
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purposes. With the exception of B. subtilis all the organisms tested proved 
to be gram negative. The organisms were readily stained with carbol 
fuchsin, methylene blue and gentian violet. They were found to be non-
chromogenic and non-acid fast. Morphologically, the non-pathogenic or-
ganisms were indistinguishable frQm Pseudomonas tumefaciens. Involu-
tion forms were found in all old cultures except number 15 and Bacilliis 
subtilis. Motility was studied, using the Hasse method. Duplicate tests 
showed all forms to be motile. Microscopic examination by the hanging 
drop method also showed that all the organisms were motile. The iffiOtility 
of these organisms was also demonstrated by staining the flagella by Van 
Ermengem's method. The organisms were found to be motile by uni-polar 
flagella, usually only one, occasionally two and rarely three. Brooks, Nain 
and Rhodes (3) report three strains of Pseudomonas tumefaciens which 
were non-motile. 
All the organisms were short, slender rods. They were mostly single, 
sometimes in chains of twos or threes, but never more. With the exception 
of Bacillus subtilis, none of the organisms showed spore formation. Ten 
representative organisms of each strairi were measured accurately. The 
range of variations in the entire group was 0.5 to 2.5x0.3 to 0.6JL (table 7). 
It should be ,stated that Rosen ( 26), Levine ( 12), W.alkden ( 30), Riker 
(19) and Smith and his co-workers (28) also have noted slight morpho-
logical and physiological differences in the crown gall pathogens with 
which they worked. 
CULTURAL CHARACTERS 
On agar poured plates. On poured plates of neutral beef agar, the 
small, circular, white, almost flat colonies appear within 48 hours. The 
agar remains unchanged and no odor is present. The growth on this me-
dium is not so vigorous as that on media containing a small amount of 
dextrose. 
On poured plates of neutral potato dextrose agar, the colonies show 
more vigorous growth than upon any tither medium. The colonies are cir-
cular, white, translucent, shining, raised and generally possess a more or 
less definite, darker center. The colonies appear on this medium within 
24 to 48 hours. The color of the medium remains unchanged and no odor 
is present. 
On poured plates of crystal violet bile agar at room temperature, the 
colonies appear within 48 hours. The growth on this medium is more 
abundant than that on beef agar. The colonies are cicular, raised, trans-
lucent, white, shining and possess a more or less definite darker center. In 
this and other media, the buried colonies are lens-shaped, white and re-
main small until they reach the surface. The color of the medium remains 
unchanged and no odor is present. 
On agar slants. Cultures were streaked on neutral potato dextrose 
agar and readings recorded after 48 hours. All the cultures gave a 
white, glistening, smooth, non-chromogenic, translucent, filiform and good 
growth, with the medium unchanged. However, the fo~lowing differences 
in the growth of the cultures were noticed: cultures numbers 121 and 50 
gave less abundant growth than the others. 
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Gelatin liquefaction. Frazier's (7) method of qualitative determina-
tion of proteolysis was used. The medium consists of 1.5 per cent agar, 
0.4 per cent gelatin, 0.1 per cent peptone and 0.2 per cent dipotassium 
phosphate. After a g·ood growth of the organism has been secured, one of 
the two plates is flooded with an acidified 1-500 aqueous solution of mer-
curic chloride. A clear zone around the colony indicates liquefaction of 
the ge1atin. The other plate is flooded with one per cent tannic acid solu-
tion and if liquefaction has taken place a clear halo forms im.mediately 
surrounding the colony with a striking, white, precipitated halo surround-
ing the clear area. Cultures numbers 121, 123, 139 and 162 showed charac-
teristic gelatin liquefaction in both plates, while all others gave negative 
results. 
Indal production. None of the cultures showed indol production after 
sev.en days when tested with potassium nitrite and sulfuric acid. Smith, 
Brown and Townsend (28) obtained slow indol production with Pseudo-
monas tumef aciens. 
Cohn solidion. The growth in Cohn solution was very scant. Cul-
tures numbers 119 and 123 showed extremely poor growth and with the re-
mainder the growth was doubtful or absent. 
Uschinsky solidion. The growth in this solution was little better than 
that in Cohn solution. The cultur.es numbers 33, 162, 15, 133, 123, 27 
and 50 gave some growth, though not abundant. The remainder of the 
cultures gave doubtful or very scanty growth. 
JI-ion concentration. A series of tubes of beef p.eptone agar was ad-
justed with normal hydrochloric acid and sodium hydroxide to the follow-
ing pH values: nine, eight, seven, six and five. The pll values of the dif-
ferent media were determined colorimetrically, comparing them with stand-
ard colors. To the mediwn of each pH series was added the indicator to 
note the change. The results of these trials are presented in table 2. Al-
though the data presented ·show that the organisms tolerate hydrogen-ion 
concentrations of five on the acid and nine on the alkali side, the maximum 
growth was obtained when the medium was neutral. 
Thermal death point. In determining the thermal death point, a series 
of test tubes with walls of uniform thickness con.taining five c.c. nutrient 
broth was exposed to temperatures of 55° and 65°C. in a water bath. After 
the temperature of the medium had become constant, a loopful of the sus-
pension from a 24 hour peptone dextrose broth culture was transferred to 
these tubes without touching the sides and held at the specific temperature 
for 10 minutes. After the exposure the tubes were cooled at once and left 
at room temperature for four days. All cultures showed no growth after 
exposure at 55° and 65°C. This indicates that the thermal death point of 
the organism in question is below 55°0. and that all are probably non-spore 
formers. Smith, Brown and Townsend (28) reported 51°0. to be the 
thermal death point of Ps. tumefaciens, while Walkden (30) found it to be 
46°0. 
Loeffler's blood serum. The cultures were streaked on standard Loeff-
ler's blood serum slants and kept at room temperature for 13 days. Growth 
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TABLE 2. Toleration of H-ion concentration by two strains of Pseudomonas tume-
faciens and 15 non-pathogenic organisms. 
Culture 9 
R' I *2-3 15 2-3 
27 2-3 
33 2-3 
43 2-3 
50 3 
98 2-3 
116 2-3 
119 2-3 
121 2-3 
123 2-3 
130 2-3 
133 3 
139 2-3 
162 2-3 
174 2-3 
1oso· 2-3 
*l=scanty growth 
2=fair growth 
3=edium growth 
4=good growth 
• Strains of Ps. tumefaciens. 
pH range 
8 I 1 6 5 
3 I 4 3 3 
3 I 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 1 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
3 4 3 3 
was fair, although it was not so good as that ~m potato dextrose agar. None 
of the cultures liquefied the medium, although the medium of culture 139 
became draJb in color. 
Hydrogen sulfide. The production of hydrogen sulfide was tested in 
lead acetate agar poured plates, and the results were recorded after six 
days' incubation at room temperature, when a heavy growth of the organ-
ism was noted. All of the cultures produced slight blackening of the agar. 
Action on starch. All the organisms, after four days' growth, gave the 
.medium a dark blue color when flooded with a saturated solution of iodine 
in 50 per cent alcohol, indicating that there had been no diastatic action on 
the starch. Smith, Brown and Townsend (28) reported that the diastatic 
action of the crown gall pathogen was feeble or absent. Walkden (30) 
also reported the pathogen attacking starch feebly. 
Litmais milk. Cultures numbers 162, (R), 121, 27, 123, 1080, 50, 15, 
174, 133, 130, 98, 33, 119 and 139 showed entire reduction of litmus and 
partial digestion of milk in one week. After standing another week num-
bers 162, 121 and 139 showed .entire digestion ·of milk. Check tu:bes of un-
inoculated litmus milk showed no change during the entire period. 
Plain milk. As in the case of lit~us milk, a few minor differences be-
tween the various organisms were noted. All the cultures digested part of 
the plain milk. In cultures numbers 43 and 133 a slight pink tinge was 
noticed, while number 15 was slightly lighter in color and 27 showed 
slightly darker color. Except for these changes in the medium, no sharp 
distinctions were noted among cultures of the different organisms. 
Reduction of nitrates. In triplicate trials using potassium nitrate 
broth none of the cultures reduced nitrate to nitrite. It may be mentioned 
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here that cultures numbers 27, 50, 43, 15, 174, 162, 98, (R), 119, 123 and 
139 have a tendency to absorb N02 from the air so quickly that the suspen-
sions turn pink five minutes after the additions of the test solutions. None 
of the cultures produced gas. 
Beef broth. All the cultures gave moderate growth with more or less 
fl.occulent sediment after the fourth day. The following minor differences 
were noted: formation of a good pellicle was observed in cultures numbers 
139, 133, 15 and 50, while 1080, 174, (R), 98, 123, 121, 43, 130 and 162 
showed a very faint pellicle. All of them gave slight to moderate clouding 
upon shaking. 
Voges-Proskauer and rnethyl red tests. None of the cultures gave a 
positive test for acetyl methyl carbinol, which is typical of the Voges-Pros-
kauer reaction. All the cultures gave a negative reaction upon addition of 
the methyl red indicator. In these trials the methyl red reaction did not 
correlate with the Voges-Proskauer reaction. 
Oxygen requirements. The cultures were made on nutrient beef agar. 
Pyragallic acid and sodium hydroxide were used to exhaust the oxygen 
from the tubes. The tubes were then kept at room temperature. Exa,mi-
nations made after four days showed no growth of any of the cultures, 
thus indicating that the organisms are aerobic. After six days, the tubes 
were emptied of acid and alkali and kept for three more days at room 
temperatures for growth. All cultures showed some growth. These ex-
periments show that the organisms have a tendency to be aerobic, but they 
are not completely killed in the a:bsence of oxygen within the time specified. 
Celliilose rnediurn. In attempting to determine the taxonomic posi-
tion of these organisms the writer questioned whether or not they might be 
cellulose decomposers, which are generally inhabitants of soils and which 
resemble certain of the plant pathogens in many respects. 
A medium was, therefore, made in which the only carbohydrate sup-
plied was cellulose in the form of absorbent cotton. A trace of dipotassium 
phosphate 3'Ild of ferric sulfate supplied the inorganic nutrients, which 
were added to a two per cent agar. The cultur.es, which were streaked and 
incubated at room temperature for 27 days, showed no ·growth, -and no col-
oring of the medium occurred, indicating that these organisms are not cel-
lulose decomposers. Rhizobium legurninosarum Frank (the check) alone 
decomposed cellulose in 35 days when Omelianski 's medium was used. Cel-
lulose decomposition began in the check cultures in about a week from the 
day of inoculation. 
From the results of the morphological and cultural studies of these 
organisms, summarized in table 3, it is evident that the non-pathogenic 
forms are indistinguishable from the pathogenic strain of Pseudornonas 
tumef aciens. 
Carbon metabolism. To test for acid and gas production, one or more 
members of the monosaccharides, disaccharides, trisaccharides and poly-
saccharides in nutrient bouillon wer:e used. Instead of the ordinary U 
tubes, a simpler and more convenient type of fermentation tube, consisting 
of a small test tube 0.5x5.0 cm. inverted within a larger one, was employed. 
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In almost all cases very good growth occurred in the media after three days. 
No gas was produced. 
Acid production from carbon compounds. To determine the produc-
tion of acids from these carbohydrates, two sulphonphthalein indicators, 
brom thymol blue and phenol red, were used. The indicators serve for a 
pH range of six to eight. With the addition ·of these indicators to the 
medium, slight amounts of acid or alkali produced by the organisms in 
sugar broths may be detected. 
None of the cultures produced both acid and gas after 14 days, but 
most of them produced more or less acid. The data on fermentation of 
the carbon compounds, dextrose, saccharose, glycerol, maltose, xylose, rham-
nose, raffinose, levulose, lactose, dextrin, mannitol, sodium citrate, sodium 
tartrate and salicin are presented in table 4. 
Bacterium coli, which produces gas and acid in all the sugars em-
ployed, was grown as a check. ·wherever doubt existed as to the production 
of acid, a notation to this effect has been made in the table. Cultures 121 
and 123 ar.e examples of this type. It is also true of these organisms that 
they produce alkalinity in certain compounds, especially dextrin, raffinose, 
sodium citrate and sodium tartrate. 
AGGLUTINATION STUDIES 
Since the morphopoligcal and cultural tests did not give a clear cut 
difference between the non-pathogenic organisms and the two strains of 
Pseudonwnas tumefaciens, chemical agglutination was tried as a possible 
means of differentiation. 
CHEMICAL AGGLUTINATION TESTS 
It has been shown by Berridge (1) that chemical agglutination tests 
were just as specific as those in which serum was employed. In the light 
of her findings, chemical agglutination tests were made as a possible means 
of differentiating the fifteen non-pathogenic organisms from Ps. tume-
faciens. 
In the first trials, the non-pathogenic organisms were compared with 
five strains of Ps. tumefaciens in their reactions with Al2 (S04 ) 3 and 
Th (N03 ) 4 (tables 5 and 6). In further trials (ta:ble 7), the chemical ag-
glutination tests were made, employing 18 strains of the crown gall organ-
ism and one strain of B. radiobacter Beij.1 using Th (N03 ) 4 • 
In making the antigen suspensions, sterile distilled water was used. 
After the addition of the antigens to the diluted chemical solutions, the 
tubes were shaken well and incubated at 37.5°C. for two hours, after which 
the preliminary results were recorded. After leaving the tubes at room 
temperature for two hours long.er, the final data, which are presented in 
tables 5 and 6, were recorded. 
In the following tables, the figures 0, 1, 2, 3 and 4 represent the degree 
of agglutination; 0 showing no agglutination, 1 slight agglutination, 2 me-
1This culture of Bacillus radiobacter was obtained from the Soils Department of Iowa 
State College through the courtesy of Dr. F. B. Smith. 
TABLE 3. Morphological and cultural characters of the 15 non-pathogenic organisms and Pseudomonas tur11efaciens. 
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'fABLE 4. Reactions of the 15 non-pathogenic organsms and Pse-udonionas tiimefacicns in broths containing various carbohyrates, alco-
hols, organic acids and glucosides. 
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No. 
R* 
15 
27 
33 
43 
50 
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dium agglutination, 3 almost complete agglutination though the liquid re-
mained slightly cloudy and, 4 complete agglutination, the supernatant 
liquid remaining quite clear. 
The data show that the agglutination titre in Th (N03 ) 4 is much 
higher than that in Al2 (SO 4 ) 8 • However, no major differences between the 
cultures are brought out by either of the salts. 
Chemical agglutination tests using Th (N03 ) 4 were also made with 18 
virulent strains of the crown gall pathogen obtained from various plants 
and one strain of B. mdiobacter. The results presented in table 7 support 
the conclusions reached before, namely, that chemical agglutination tests 
are, at best, a poor means of differentiating one strain from another. It is 
true that only known substances are dealt with in chemical agglutination 
and that there is no such complexity present as in the case of immune sera. 
Thus, while the results presented indicate a close physiological relationship 
betwe~n several non-pathogenic organisms and strains of the crown gall 
?rgamsm, yet these tests failed to differentiate the non-pathogenic organ-
isms. from Pseudomonas tumef aciens. This led to serological agglutination 
studies. 
SEROLOGICAL AGGLUTINATION TESTS 
Since the chemical agglutination tests were inadequate for differen-
tiating the pathogenic strains of Ps. tu.mefaciens from non-pathogenic or-
ganisms, further tests were made with immune sera. Serum agglutination 
tests for differentiating types of diseases and bacterial species have been 
extensively employed in bacteriology. Such tests have been recently em-
ployd in plant patholo·gy by Paine and Lacey (17), Goldsworthy (8), Link 
and Hull ( 14) , Lil).k and Sharp ( 13) , Sharp ( 27) and others. Therefore, 
use of such a means of differentiation was made in these studies. 
Paine and Lacey (17) tried to differentiate Bacillus lathyri M. & T., 
Pseudomonas phaseoli Sm. and Bacterium michiganense Sm. by serological 
agglutination tests. The first two organisms showed only group agglutina-
tion and Bact. michiganense failed to produce immune serum. However, 
they concluded that these organisms could be separated by wgglutination 
tests. Lacey ( 11) and Berridge ( 1), working with serum and chemical 
agglutination, respectively, of three plant pathogenic 'bacteria, Bacillus 
carotovorus Jones, B. solanisapr,us Harrison and B. atrosepticus Van Hall, 
found enough differences a.mong the species to separate them by these tests, 
and have shown that chemical agglutination in these cases is just as reliable 
as serum agglutination. 
Doidge ( 4) found that the immune serum produced against Pseitdo-
monas citrimaculans Doidge, agglutinated its homologous strain to a titre 
of 1-2000. Sharp (27) working with the three morphologically similar 
organisms, Ps. flaccumf aciens Hed., Ps. phaseoli Sm., and · Ps. phaseoli 
sojense Hed., found th~i.t these organisms could be distinguished by means 
of •Serological agglutination tests. Link and Sharp (13) demonstrated that 
Ps. campestris (Pam.) Sm., Ps. phaseoli, Ps. phaseoli sojense and Ps. flao-
ciimfaciens could be diff.el·entiated by serological agglutination tests, al-
though these organisms are closely related to each other. 
Goldsworthy (8) applied the agglutination tests in identifying the 
cauliflower spot disease organism, Ps. maoulicola McC. when isolated from 
TABLE 5. Chemical agglutination tests using Th(NO,). against 15 non-pathogenic organisms and two strains of Pseudomonas tume· 
faciens. 
Agglutination titre 
Culture 
No. 1-10 I 1-20 I 1-40 I 1-80 11-160 11-320 11-640 11-1280 11-2560 11-5120 11-102401 
R* 4 4 
I 
4 4 4 4 4 4 I 3 I 3 1 15 4 4 4 4 4 4 4 3 3 2 1 
27 4 4 4 4 4 4 4 4 I 3 I 2 . 1 33 4 4 
I 
4 4 4 4 4 2 2 2 1 
43 4 4 4 4 4 4 4 3 3 I 2 -I 
50 4 4 4 
I 
4 4 4 4 3 2 I 2 
I 
1 
98 4 4 4 4 4 4 3 3 3 I 2 1 
lJG 4 4 4 4 4 4 3 2 3 i 1 -
ll!J 4 4 4 I 4 4 4 4 3 3 I 1 -
121 4 4 4 I 4 4 3 3 2 2 I 
-- -
123 4 4 4 4 4 4 4 3 2 1 -
130 i 4 4 4 I 4 4 4 4 4 3 2 -133 I 4 4 4 4 4 4 4 3 3 I 3 1 139 4 4 4 I 4 4 4 4 3 I 3 2 2 lG~ 
I 
4 4 4 4 4 4 4 3 3 I 2 1 
174 4 4 4 4 4 4 3 3 2 1 -
1080* 4 4 I 4 4 4 4 4 3 3 2 1 
511a* 
I 
4 4 
I 
4 4 I 4 4 4 4 4 3 1 1H2* 4 4 4 4 4 4 4 3 3 2 1 374* . 4 4 4 I 4 I 4 4 4 3 3 1 -
*Strains of Ps. tumefaciens. 
Ck. 
-
-
-
-
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
Original 
host 
Raspberry 
Bean 
Apple 
Peach 
Apple 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
Almond 
Rose 
Prunus 
Rum ex 
I Patho-genicity 
on toma· 
Ito plants 
+ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
± 
+ 
+ 
+ 
TABLE 6. Chemical agglutination tests using Al2(S04 ) 1 against 15 non-pathogenic organisms and two strains of Pseudomonas tume-
faciens. 
I I Pa tho-Agglutination titre genicity Culture I Original on toma-
No. 1-10 I 1-20 I 1-40 I 1-80 I 1-160 I 1-320 I 1-640 11-1280 11-2550 11-5120 I 1-102401 Ck. I host to plants 
R* 4 4 4 4 4 4 4 4 2 I 1 - - Raspberry + 
15 4 4 4 4 4 4 4 3 2 1 1 - Bean -
27 4 4 4 4 4 4 4 3 1 1 - - Apple -
33 4 4 4 4 4 4 4 4 2 - - - Peach -
43 4 4 4 4 4 .4 4 4 2 - - - Apple -
50 4 4 4 4 4 4 4 3 1 - - - " -98 4 4 4 4 4 4 3 3 - - - - " -116 4 4 4 4 4 4 3 2 1 - - - " -' 119 4 4 4 4 4 4 3 2 1 - - - " -121 4 4 4 4 4 3 2 2 2 - - - " -123 4 4 4 4 3 3 3 2 1 - - - " -130 4 4 4 4 4 4 3 3 1 - - - " -133 4 4 4 4 4 4 4 3 1 - - - " -139 4 4 4 4 4 4 4 3 2 - I - - " -162 4 4 4 4 4 4 4 3 1 - - - " -174 4 4 4 4 4 4 3 2 1 - I -
-
" 
-
1080* 4 4 4 4 4 4 4 4 2 - - - Almond ± 
511a* I 4 4 4 4 4 4 4 3 1 - I 
- - Rose + 1142* 4 4 4 4 4 4 4 3 1 -- - - Prunus + 374* I 4 4 4 4 3 3 3 2 - - - - - Rum ex + 
--
*Strains of Ps. tumefaciens. 
TABLE 7. Chemical agglutination t ests using Th(NO,), against 18 virulent strains of Pseudomonas tumefaciens and one strain of 
Bacillus radiobacter. 
Culture 
No. 
A 
B 
1171 
R 
1071 
1110 
1212 
1215 
1216 
l'.ll8 
1219 
1220 
1221 
1223 
1224 
1225 
1226 
1228 
B. radio-
bacter 
I 1-200 I Hoo 
4 I 4 4 4 
4 l 4 4 4 4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
Agglutination titre 
I 1-800 I 1-1600 I 1-3200 I 1-6400 I 1-12800 I 1-25600 I 
4 4 4 3 1 -
4 4 4 2 - -
4 4 4 3 - -
4 4 4 3 1 -
4 4 4 3 -
4 4 4 1 - -
4 4 4 3 - -
4 4 4 3 1 -
4 4 4 3 - -
4 4 4 3 1 -
! 
4 4 4 3 - -
4 4 4 3 1 -
4 4 4 3 - -
4 4 4 4 1 -
4 4 3 2 1 -
4 4 4 2 1 --
4 4 4 2 2 -
4 4 4 2 1 -
4 4 4 3 2 1 
Ck. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Original 
host 
Apple 
" Rose 
Raspberry 
P each 
Apple 
Geranium 
Apple 
" 
" 
P each 
Walnut 
Apple 
Rose 
Raspberry 
Prunus 
Raspberry 
Incense 
Cedar 
-
I Pathogenicity on tomato 
pla11ts 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
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the ·soil. He concluded that organisms which appeared identical on plates 
and which gave the same agglutinating titre against immune serum as the 
pathogen are identical species. No inoculation tests with such organisms 
were made to prove their pathogenicity. 
Friedemann and Magnus ( 5) obtained numerous strains of bacteria of 
intestinal and other human d1seases which were identical culturally and 
serologically with Ps. tiimefaciens. Friedema1m ( 6), however, showed in a 
later publication that only one of the numerous iderutical strains was patho-
genic to plants. 
Brooks, Nain and Rhodes (3), working on serum agglutination of 
several phytopathogenic bacteria, found that three strains of Ps. tume-
f aciens were quite similar, but the daisy strain produced acid in glucose 
and saccharose, while the other two strains had no effect on these sugars. 
They found that these three strains of Ps. tumefaciens were non-motile and 
did not liquefy gelatin. Furthe1~more, they showed that these reactions 
were identical with those of Bacillus atrosepticus and that the serum pro-
duced from the latter agglutinated Pseudomonas tiimefaciens (hop strain) 
t-0 quarter titre. 
Jensen ( 10) reported that the strain of the crown gall organism iso-
lated from a tumor on a species of chrysanthemum in Denmark resembled 
the American strain isolated from Chrysantheni,um frutescens L. morpho-
logically and culturally, but they differed serologically in that cross ag-
glutination was not possible. However, the serum agglutinated· its homo-
logous strain, that is, the American strain was not affected by the serum of 
the Danish strain and vice versa. 
Link and Hull ( 14), working with three plant pathogens, Pseiidomonas 
tumefaciens ·being one of them, showed that the crown gall organism agglu-
tinates spontaneously in distilled water and in 0.85 per cent saline solution. 
Riker (19) found that the immune rabbit serum produced against 
Ps. tumefaciens agglutinated the pathogien up to and including 1-3000 
titre. He found no serological identity between the crown gall pathogen 
and the legume root nodule bacteria. 
Serological trials. Injections of a suspension of a 24 hour culture of 
one non-pathogenic form and -one pathogenic strain of Ps. fomefaciens 
grown on neutral beef agar were made at weekly intervals into a rabbit. 
The suspension was made by washing the organism from the agar slants 
with 0.85 per cent saline solution. With one exception, all injections were 
made intravenously. The last and sixth injection was made intra-peri-
toneally. The weekly doses were given in the order of 0.5 c.c., 1 c.c., 2 c.c., 
3 c.c., 5 c.c., and 5 c.c. Ten days after the last injection, the animals were 
bled from the heart and about 30 c.c. of blood was obtained. After clotting 
of the blood had taken place, the entire content of the tube was centrifuged 
at a high speed for 15 minutes. The clear serum was then transferred 
aseptically to sterile serum bottles and carbolic acid was added as a pre-
servative in the proportion of 0.1 c.c. ·of five per cent carbolic acid to each 
c.c. of the serum. The serum, when not in use, was kept in the ice box. 
For the agglutination tests, 24 hour cultures grown on neutral beef 
agar, were washed in 0.85 per cent saline solution to which 0.4 per cent 
carbolic acid was added. The carbolic acid, while preven•ting further 
growth, in no way hindered the agglutinating power of the sera used. The 
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stock suspensions of the organisms were made so as to -0btajn the same 
turbidity as far as possible. Turbidity of the antigens was determined 
macroscopically by holding the bottles against a glass window. Only anti-
gens of equal turbidity were used during the experiments. Stock antigens 
were not used after 10 days from the time of their preparation, thus avoid-
ing any discrepancies that might possibly arise due to settling. Fifteen 
non-pathogenic organisms, twenty-three strains of Ps. tumefaciens (cul-
tures obtained from different hosts or from the same kind of host at dif-
ferent times) and one strain of the organisms, Rhizobitlm leguminosarum 
and Bacillils radiobacter were used. In rmming the agglutination tests, 
dilutions of 1 in 100, 1 in 200, 1 in 400, 1 in 800, 1 in 1600, 1 in 3200, 1 in 
6400, 1 in 12,800 and 1 in 25,600 were made. A check tube of stock sus-
pension of organisms was always used for each organism. This technique 
was followed throughout the agglutination tests, even though none of the 
organisms was found to be agglutinated spontaneously. The dilutions of 
sera were made in large bottles, each containing varia:ble dilutions from 1 
in 50 to 1in12,800, so that when l/2 c.c. of this diluted suspension was added 
to 1/2 c.c. of the stock antigen, the dilution in the agglutination tubes be-
came 1in100 to 1 in 25,600. 
After the distribution of the antigen, the tubes were well shaken so 
that even distribution of the antigen and serum was obtained. The tubes 
wer.e then ·placed in incubators at 37.5°0. for two to three hours, after 
which they were re.moved and the preliminary readings were taken. The 
tubes were then left at room temperature over night so that the final results 
were recorded after 18 hours or more. The results reported in this paper 
represent the readings after 18 hours, although no marked change from 
the preliminary readings was observed. 
The serum of a normal rabbit was also tested with the cultures, but 
no agglutination at dilutions of 1 in 100 and upwards was observed. The 
results of the serum agglutination tests are presented in tables 8 and 9. 
The data presented in tables 8 and 9 seem to indicate that both the 
sera produced against the non-pathogenic organisms and the strains of 
Pseudomonas tilmefaciens are_specific for their homologous antigens, in 
that they both yielded supernatant clear liquid upon agglutination. How-
ever, when these sera were interchanged, the a:gglutination index was not 
so high as when the homologous antigens were used. This is also true for 
eight other antigens of the non-pathogenic organisms (27, 43, 50, 98, 116, 
139, 162 and 174) . In other words, no clear cut difference between these 
eight antigens of the non-pathogenic organisms and one heterologous strain 
(which may include Ps. tumefaciens or the non-pathogenic organism) was 
obtained in these tests. At the same time, six other non-pathogenic organ-
isms (33, 119, 121, 123, 130 and 133) did not yield to agglutination tests, 
thus differentiating them from the others. The data would have been regu·· 
lar if only one istrain of Ps. tumef aciens had been employed in these studies. 
In that case the non-pathogenic organisms could have been separated into 
three classes, namely, (1) a homologous strain Ps. tumefaciens (Raspberry) 
or 15 (non-pathogenic) giving complete agglutination, (2) eight other 
strains which gave agglutination though not of the same index as (1), 
and (3) six strains which were non-a:gglutinable. Agglutination tests 
were also made with a rough strain (R--1) of Ps. tumefaciens origi-
TABLE 8. Agglutination tests using Pseudomonas tumefaciens (Raspberry strain) antiserum against 15 non-pathogenic organisms, 
eight strains of Pseudomonas titmefaciens and one strain of Rhizobium leguminosarum and Bacillus radwbacter. 
Agglutination titre 
Culture 
No. 1-100 I 1-200 I 1-400 I 1-800 1-rnoo I 1-3200 I 1-6400 I 1-128001 1-256001 Ck. 
R* 4 I 4 4 4 3 3 3 I 2 - -
15 3 3 3 3 3 2 2 2 - -
27 3 3 3 3 2 2 2 2 - -
33 - - - - - - - - - -
43 3 3 3 3 3 2 2 1 - -
50 
I 
3 3 3 3 3 3 2 1 -- -
98 4 3 3 3 3 3 2 I 1 - -
llG 3 3 3 2 2 2 1 I - - -
119 - - - - - - - - - -
121 - - - - - - - - - -
123 - - - - - - - - - -
130 - - - - - - - - - -
1'13 -- - - - - - - - - -
139 3 3 2 3 3 3 2 - - -
lll2 3 3 3 3 3 2 2 - - -
174 3 3 3 3 2 1 - - - -
1080 ' - - - - - - - - - -
A ·• - - - - - - - - - -
I:* - · - - - - - - - - -
C* - - · - - - - - - - -
11G2* - - - - - - - -· - - -
R-1* 3 3 3 3 3 2 2 - - -
5lla' - - - - - - - - - -
R. leguminosarum - - - - - I - - - - -R. radiobacter 3 3 3 3 3 3 2 - - -
*Strains of Ps. tumefaciens. 
Original 
host 
Raspberry 
Bean 
Apple 
Peach 
Apple 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
Almond 
Apple 
" 
" 
Rose 
Raspberry 
Rose 
Pea 
-
I Patho-gE1Ilicity 
on toma-
lto plants 
+ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
± 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
TABLE 9. Agglutination t ests using non-pathogenic organism (culture 15) antiserum against 15 non-pathogenic organisms, eight 
strains of Pseudomonas tumefaciens and one strain of Bacillus radiobacter and Rhizobium leguminosarum. 
Pa tho-
Agglutination titre genicity 
Culture Original on toma-
No. I 1-100 I 1-200 I 1-400 I 1-800 I 1-1600 I 1-3200 I 1-6400 I 1-128001 1-256001 Ck. I host to plants 
R* 3 3 3 3 3 2 2 I - - - Raspberry + 
15 4 4 4 4 4 3 3 I 1 - - Bean -
27 3 3 3 3 3 3 2 
I 
- - - Apple -
33 - - - - - - - - -- - Peach -
43 3 3 3 3 3 2 2 - - - Apple -
50 3 3 3 3 2 2 2 
I 
- - -
" -
98 3 3 3 3 3 2 2 1 - - " -
116 3 3 3 2 2 1 1 - - - " -
119 - - - - - - I - - - - " -121 - - - - - - - - - - " -
123 - - - - - - - · - - - " -
130 -- - - - - - - - - - " -
133 - - - - - - - I - - - " -
139 3 2 3 3 2 2 1 I - - - " -162 3 3 3 3 3 2 2 - - - " -
174 3 3 3 3 2 1 - I - - - " -
1080* - - - - - - - - - - Almond ± 
A* - - - - - - -- - - - Apple + 
B* - - - - - - - - - - " + 
C* - -· - - - - - - - -- - ,, + 
374* I - - - - - - - - - - - Rose + (R-1)" I 3 3 3 3 2 2 1 I - - - Raspberry + 
511a* I - - - - - - - I - - - Rose + B. radiobacter 3 I 3 I 3 I 3 3 3 2 - - - - -R. leguminosarum - - - - - - - I - - - Pea -
*Strains of Ps. tumefaciens. 
288 M. K. PATEL 
nally isolated from raspberry, but which had been passed many times 
through tomato and Bryophyllum calycinum Salish., with Bacilliis rabio-
bacter and with Rhizob~um leguminosarnm (Pea). The rough strain of 
Ps. tumefaciens and B. radiobacter yielded the same agglutination index 
as the eight non-pathogenic organisms, thus showing that these nine non-
pathogenic organisms when tested against the original raspberry strain 
gave an agglutination index which was closely correlated with the rough 
pathogenic strain of Ps. tumefaciens. Three strains of Ps. tumefaciens ob-
tained from apple galls, two obtained from rose and Rh. leguminosarum 
gave no agglutination with both sera. Thus, differences even among the 
strains of Ps. tiimefaciens are obtained. The explanation of the variability 
in the agglutinability of Ps. tumef aciens might be that the crown gall 
organism shows strain specificity, and that agglutination tests for the iden-
tification of this pathogen can not be solely relied upon. The conclusions 
from such tests in the identification of crown gall organisms might be mis-
leading. Riker (19) and Link and Hull (14), who have employed sero-
logical tests with Ps. tmnefaciens, used only the homologous antigens and . 
consequently obtained positive results similar to those shown in tables 
8, 9 and 10. 
Jensen (10) was the first investigator to rshow that the serum obtained 
from one strain of the pathogen did not agglutinate another strain ob-
tained from the same kind .. of . host but in a different locality . The possi-
bility, therefore, should not be ignored that the same gall may harbor 
many strains of Ps. tiimefaciens and that the various colonies obtained in 
isolations from the gall might give different agglutination reactions. Bialo-
suknia and Klott (2), Stevens (29), Wright (31) and others have shown 
that one leguminous plant may harbor organisms possessing different sero-
logical properties. The crown gall organisms might be in the same cate-
gory, in that the raspberry gall might harbor its own strain or the chrys-
anthemum strain or both. 
It is also brought out in the serum agglutination tests that the strains 
shoWI1 to be identical by means of chemical agglutination tests are not 
necessarily identical when tested serologically. Had reliance been placed 
only upon chemical agglutination, no differences between the non-patho-
genic organisms and the strains of Ps. tumefaciens could have been demon-
strated. The results of the present investigations support the work of 
Jensen (10) and further show that the organisms may be similar morpho-
logically and culturally, but different serologically. 
The data also indicate that positive agglutination does not always 
mean that the strains or cultures are pathogenic, and at the same time a 
negative outcome does not necessarily mean that the cultures are non-
pathogenic. This fact is brought out from the data presented in ta;bles 8, 
9 and 10. The results indicate that the identification of a culture should 
not be based upon agglutination tests alone, but susceptible hosts should 
be inoculated to verify pathogenicity -0f doubtful cultures. 
It was brought out in the data presented in tables 8, 9 and 10 that the 
immune serum produced against Ps. tumefaciens (raspberry strain) failed 
to agglutinate the strains of the organism obtained from other hosts, 
namely, apple and rose. Further trials were, therefore, made to find out 
if this reaction of the serum would be maintained agairut other strains of 
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the pathogen obtained from hosts such as p.each, (Prunus persica Sieb. 
and Zucc.), Prunus sp., geranium (Pelargonium hortorum Bailey), apple 
(Pyrus mal.<us L.), walnut (Juglans nigra L.), incense cedar (Libocedrus 
decurrens Torr.) and rose (Rosa odorata Sweet) . It was also shown by 
means of chemical agglutination tests (tables 5, 6 and 7) that all the strains 
of Pseudomonas famefaciens and the 15 non-pathogenic organisms were 
identical in their r.eactions. Agglutination tests were, therefore, made 
upon 15 pathogenic strains against an immune serum produced with the 
pathogenic raspberry strain (R). The results of this trial are given in 
table 10. It will be seen from this table that the immune serum of Ps. 
tumefaciens (Raspberry) failed to agglutinate all other strains of the 
crown gall pathogen, thus showing again that the crown gall bacteria ex-
hibit strain specificity and that the identification of the orga.nism by means 
of serological agglutination tests might give erroneous results. 
It is also brought out in this table that the passing of the raspberry 
pathogen (culture 1224) through a willow (Salix bcibylonica L.) in this 
case did not materially change the · agglutinating capacity of the culture. 
Whether more passag@s through this host or •some other host would have 
brou ght about a more decided change in the agglutinability of the organ-
ism, or whether such changes occur in nature are not definitely known at 
present and need further studies. 
MAINTENANCE OF STRAIN SPECIFICITY 
The results of the serological tests presented in tables 8, 9 and 10 indi-
cated that the st rains of Pseudomonas tumefa.ciens showed specificity, and 
that this could not be relied upon as a means of identifying the causal 
organisms obtained from various hosts. The question arose as to whether 
or not the passage through a susceptible host would bring about any 
changes in the original specificity of serological reaction. !Since the strains 
of Ps. tumef aciens exhibited specifiicity and since they were pathogenic on 
tomato plants, attempts were made to find if the passage of the various 
strains through this host would bring about any closer relations in sero-
logical response. 
Tomato plants w.ere therefore inoculated with 11 •strains of Ps. tume-
f aciens. The stock culture of Ps. tilmefaciens (R strain) was also inocu-
lated into tomato, Lycopersicon esculentum Mill., Bryophyllum calycinnm 
Salish., and sugar beet, B eta vitlgaris L. Isolations were made from the 
galls after 30 days from the day of inoculation and the colonies resembling 
the crown gall pathogen were streaked on agar slants. These colonies were 
inoculated into tomato plants to prove their pathogenicity. Such patho-
genic strains reisolated from the galls on to.mato plants, Bryophyllum 
calycinum and sugar beet, were used in agglutination tests against a rabbit 
immune serum produced from Pseitdomonas tumefaciens (R strain). The 
technique employed in the serum agglutination tests was the same as pre-
viously described. The results of these trials are given in table 11. 
It will be seen from the above table that all the strains except the 
original Ps. tumefaciens (R strain) failed to be agglutinated. This shows 
that a passage of these strains through a common host did not change the 
specificity of reaction of the organisms. At the same time, the original 
raspberry strain (R) when passed through tomato, BryophyllAim calycinum, 
TABLE 10. Agglutination t ests using Pseudomonas tumefaciens (strain R) antiserum against 15 other strains of the crown gall 
organism. 
Culture 
No. 
R 
1071 
lllO 
1212 
1215 
1216 
1218 
1219 
1220 
1221 
1223 
1224 
1225 
1226 
1227 
1228 
I 
Agglutination titre 
1-loo I 1-200 I Hoo I 1-800 I 1-1600 I 1-s200 I 1-6400 I 1-12800 I 1-25600 I Ck. 
4 4 4 4 3 3 2 1 I - -- - - - - - - - - -
- - - - - -
- - I -- -
- - - - - - - -- I - -- - - - - - - - - -
- - - - - -
- - - -
- - - - - - -
- - -
- - - - - - -
- - -
- - - - - - -
- - -
- - - - - - - -
- -
- - - - - - - -
-- -
4 4 3 3 3 2 I 2 1 - -
- - - - - - I - - - -- - - - - - - - - -- -- - - - - - - - -
- I - - - - - I - - - - -I 
*Cultme 1224 wns reisolated from a gall on weeping willow induced by arti1lcial inoculation with culture R. 
Original 
host 
Raspberry 
Peach 
Apple 
Geranium 
Apple 
" 
" 
Peach 
Walnut 
Apple 
Rose 
Raspberry* 
Willow 
Prunus 
Raspberry 
Apple 
Incense 
Cedar 
) Pathogen-icity on to-
mato plants 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
TABLE 11. Effect on the agglutinability (using Ps. tumefaciens (R strain) antiserum) of 14 strains of Pseudomonas tumefacie-ns 
I 
I Culture Original No. host 
1071 
I 
Peach 
1212 Geranium 
1215 Apple 
1216 " 
1218 " 
1219 Peach 
1220 Walnut 
1221 Apple 
1225 I Prunus 
1228 I Incense cedar\ 
R Raspberry 
Rt " I R2 ,, I R. ,, 
when passed through host plants other than the original. ~ 
Pathogen I 
icity of ! 
Pathogenic reisolated 
on colony Ck. I 1-100 I 1-200 I 
Tomato + - - -
" + - - -
" + - - -,, + - - -,, + - - -,, + - - -,, + - - -,, + - - -,, + - - -,, + - - -,, I + - 4 4 
Bryophyllum J + - 4 4 
Sugar beet I + - 4 4 - + - 4 4 
Agglutination titre 
1-400 I 1-800 I 1-1600 I 1-a200 I 1-6400 11-1280011-25500 
- -
I 
- - - - -
- - - - - - -
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and sugar beet plants was not altered in its agglutinability when tested 
against Pseudomonas tumefaciens (R strain) immune serum. It seems 
evident from these data that the strains of Ps. turnefaciens possess a defi-
nite specificity which was not changed by growth for 30 days within a 
susceptible host. The WTiter is not prepared to sa.y whether or not these 
strains would exhibit any modification in specificity if allowed to grow in 
a common host for more than 30 days. 
Goldsworthy (9) has recently shown that the sera produced against 
two morphologically and biochemically identical organisms causing gum-
mosis of stone fruit trees were specific and that his Ps. cerasus No. 28 
could not be cross-agglutinated by Ps. cerasus No. 29 and vice. versa. This 
is in harmony with the writer's findings upon Ps. tumefaciens in that the 
organisms may be identical morphologically and yet show specificity in 
immune serum agglutination tests. Goldsworthy (9) notes that many of 
our plant pathogenic bacteria closely resemble each other, not only in dis-
ease manifestation, but in their morphological and biochemical character-
istics. Antisera might be used to advantage in identification. Such a 
means of identification would hasten the determination of pathogenicity 
over the old method, i. e. infection experiments. J[e states that ''On the 
successful inoculation rests the fate of many isolated organisms. Success-
ful inoculations are rather rare in comparison with unsuccessful. . . 
The use of a highly potent antiserum should eliminate a great deal of the 
inoculation work and inconsistency in results." Flrom the results (table 
12) obtained with Ps. tumefaciens, it appears that infection experiments 
would be more reliable than serological agglutination tests (tables 8 and 9) 
in the identification of the organisms. 
If Goldsworthy (9) had obtained only one immune serum, that for 
Ps. cerasus No. 28, he would have discarded all cultures of Ps. cerasiis No. 
29 as non-pathogenic. However, properly controlled inoculation experi-
ments should lead to the correct determination of the pathogen. Otherwise, 
it would be necessary to prepare innumerable sera for the identifica:tion of 
the suspected organisms. 
It is also shown in this paper (table 12) that the non-pathogenic cul-
tures consistently gave negative results when inoculated into numerous 
hosts while the strains of Ps. tumefaciens except in one case always produced 
infections. If the separation of these strains of Ps. tumefaciens from the 
non-pathogenic organisms had 1been based entirely upon their agglutin-
ability, a greater part of the pathogenic cultures would ·have been taken as 
non-pathogenic oragnisms and vice versa. Thus the results tend to show 
that the inoculation of suspected cultures furnishes a more reliable criterion 
of their pathogenicity than agglutination tests alone as now employed. 
INFECTION EXPERIMENTS WITH STRAINS OF 
PS. TUMEF A CI ENS 
Previous inf.ection experiments had determined the fact that certain 
strains of Ps. tumefaciens were pathogenic while the 15 organisms resem-
bling Ps. tumefaciens were non-pathogenic upon tomato plants. However, 
it seemed possible that by extending the host range, some plants might be 
found which would be infected by certain of these organisms previously 
considered non-pathogenic. 
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Since tomato plants are easily grown and are accessible at all times 
of the year, they were used in numerous inoculation trials. In addition, 
the host range was extended to include weeping willow (Salix babylonica 
L.), castor bean (Ricinus communis L.), aUalfa (Medicago sativa L.), life 
plant (Bryophyllum calyciruum Salish.), oleander (N erium oleander L.), 
raspberry (Rubus occidentalis L.), apple (Pyrus malus L.), garden pea 
(Pisum sativum L.), and sweet pea (Lathyrus odorat!Us L.) . Thus the re-
sults of the inoculation experiments on the above hosts may be considered 
indicative of the reaction of the 15 non-pathogenic organisms reported in 
this paper. 
Using 24 to 48 hour cultures of the organisms grown on neutral potato 
dextrose agar, inoculations were made into the above mentioned hosts. The 
plants were placed three to five inches apart, kept in a moist chamber from 
four to six days and were watered individually for a few days after trans-
ferring to the greenhouse bench. This was done to avoid accidental infec-
tion by splashing of the organisms from one plant to another as shown by 
Riker and Keitt (24). Care was taken during the experiments to keep the 
plants in a vigorous growing condition. Numerous trials were made and in 
no case were the data recorded until after six weeks from the date of inocu-
lations. The results of these trials are presented in table 12. The data 
presented in table 12 indicate that Pseudomonas tumefaciens (R strain) 
successfully produced galls in all cases on host plants belonging to 10 
species in 10 genera. The exception was the culture number 1080. This 
culture had remained virulent for over two years when grown on neutral 
potato dextrose agar. However, the transfer of this culture made for 
general use, which we will designate as culture number 1080 N, was found 
to be non-pathogenic in February, 1927. Due to the possibility of this be-
ing caused by contamination, a fresh transfer from the stock culture (1080) 
was made February, 1927, and proved pathogenic on tomato plants. The 
latter transfer was designated as number 1080-0. Culture number 1080-0 
lost its virulence in about three months (May 30, 1927). None of these 
cultmes, numbers 1080, lOSO-N and 1080-0, showed contamination in re-
peated dilution plate trials. They displayed a close resemblance in every 
r espect to the other strains of Ps. tiimefaciens. At the same time, the 15 
non-pathogenic organisms yielded negative results on all the plants inocu-
lated. Thus the results of these trials show that organisms which are alike 
morphologically, culturally and to a large extent serologically may differ 
markedly in their pathogenicity. · 
DISCUSSION 
The results of the foregoing studies on strains of Ps. tumef aciens and 
certain non-pathogenic organisms closely resmbling the crown gall patho-
gen, show striking similarities between the two groups. The question 
arises as to the identity of the 15 non-pathogenic organisms isolated mainly 
from overgrowths at the union of piece-root grafted nursery apple trees. 
Such organisms appear to be intimately associated with overgrowths on 
nursery apple trees. 
In their extensive isolation trials upon crown galls on various hosts, 
Smith, Brown and Townsend (28) also apparently found many organisms 
cl-Osely resembling Ps. tumefaciens which, upon inoculation into susceptible 
TABLE 12. Inoculation trials upon various hosts with 15 non-pathogenic organisms and two strains of Pseudomonas tumefaciens. 
Culture 148 varieties' 
No. of tomatoes 
----: 
R•· + 
15 
27 
33 
43 
50 
98 
116 
119 
121 
123 
130 
133 
139 
162 
174 
1080* ± 
Castor 
beans 
+ 
*Strains of Ps tumefaciens. 
Apple 
seedlings 
+ 
Sweet 
peas 
+ 
Garden 
peas 
+ 
Kind of hosts 
I Oleander 
t 
I 
I 
I 
+ 
Bryo-
phyllum 
+ 
Rasp-
berry 
+ 
Weeping 
willow 
+ 
Alfalfa 
+ 
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plants, either failed to produce infection or induced only small, slow-
growing atypical hyperlasias. In the early stages of their work, such 
organisms were regarded as forms other than the crown gall pathogen. 
Later, however, they formed the hypothesis that certain of these organisms 
were non-pathogenic strains of Ps. tumefaciens which, due to their own by-
products or those of the host tissue, had lost their virulence. Their hypo-
thesis was based primarily upon the fact that certain virulent strains of 
Ps. tumef aciens lost their pathogenicity after continued cultivation on 
artificial media. The writer has also reported a similar experience with one 
culture ( 1080). While loss of virulence is not infrequent when plant 
pathogens are grown on artificial media, there are no conclusive records 
of definite experiments leading to attenuation or enhancement of virulence 
as is true of animal bacterial paithogens. ' 
In a previous publication (18) the writer referred to certain bacterial 
organisms isolated from nursery soils as non-pathogenic strains of Ps. 
tumefaciens. These were also non-pathogenic upon young tomato plants. 
Subsequent cultural and morphological tests of such organis.mS showed a 
striking similarity to certain soil organisms, especially B. radwbacter. It 
should be noted, also, in this connection that the strain of B. radwbacter 
used could not in every case be separated by serological or chemical a:gglu-
tination tests from either Ps. tumefa.ciens or certain of the 15 non-patho-
genic organisms, resmbling the crown gall pathogen. It is, of course, 
common knowledge that B. radiobacter is a group species and, at present, 
poorly defined. Since these non-pathogenic organisms have so many char-
acteristics in common with B. radiobacter and since these organisms in turn 
so closely resemble pathogenic strains of Ps. tumefaciens, it is not impoS-
sible that both Smith and the writer had B. radiobacter instead of non-
pathogenic strains of Ps. tumefaciens. 
The association of these non-pathogenic organisms with the over-
growths on the underground parts of the apple tree, their location in the 
convolutions of the overgrowth known to hold soil particles and their simi-
larity in morphology, cultural and serological reactions, point to their close 
relationship with certain soil bacteria. Further biological studies may 
bring to light other characteristic reactions, which will serve to separate 
Ps. tumefaciens from non-pathogenic organisms of close similarity. The 
criterion of pathogenicity of an organism is that it produce a specific 
disease, in this case, crown gall. The identity, therefore, of the causal 
organism freshly isolated from the gall is based upon its capacity to repro-
duce the original symptoms. Until some better means of differentiation are 
devised, it seems advisable to rely mainly upon the ability of the organism 
to produce galls as the chief mark of its identity as Ps. tumef aciens. In 
the light of our present knowledge, no characteristic of bacterial plant 
pathogens can be accorded greater species limiting importance than patho-
genicity. 
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SUMMARY 
Many non-pathogenic bacterial colonies closely resembling Ps. tume-
faciens may be obtained in isolation trials on overgrowths at the union of 
piece-root grafted nursery apple trees. A critical study of 15 such non-
pathogenic organisms showed that they a~e similar to Ps. tumefaciens 
morphologically as well as in cultural and chemical agglutination reactions. 
While slight differences in cultural reactions were noted, these were not 
sufficiently marked to separate the non-pathogenic organisms from Ps. 
tumefaciens. Thus cultures numbers 121, 123, 139 and 162 liquefied gela-
tin; cultures 43 and 33 showed slight pink coloration of plain milk, while 
cultures 121, 139 and 162 alone completely digested litmus milk in two 
weeks. In dextrin broth cultures 121, 123, 133 and 174 and in raffinose 
cultures 121, 123 and 174 produced alkalinity. In malrtose only culture 
121 produced alkalinity. In all cases the Voges-Proskauer and methyl red 
tests were negative. 
Serological agglutination tests using antiserum from a non-pathogenic 
organism divided the entire group of organisms tested into two groups, 
those ·that did agglutinate and those that did not. In the first group are 
9 non-pathogenic organisms, Bacillus radiobacter and two strains of Pseudo-
rnonas turnefaciens. In the second group are six non-pathogenic organisms, 
six strains of Ps. tiimefaciens and Rh. leguminosarurn. In a like manner, 
antiserum from a strain of Ps. turnef aciens separated the 15 non-pathogenic 
organisms and eight strains of Ps. tumef aciens, Rh. legitrninosarum and 
B. radiobacter into two groups. Those that did agglutinate comprise 9 
non-pathogenic oganisms, two strains of Ps. turnefaciens and B. radiobacter. 
Those that did not agglutinate include six non-pathogenic organisms, six 
strains of Ps. turnefaciens and Rh. leguminosariirn. A:gglutination tests 
using either of the two antisera failed to separate the non-pathogenic organ-
isms from the strains of Ps. turnef aciens. 'Serum produced with the rasp-
berry strain of the crown gall organism did not agglutinate the strains iso-
lated from apple, almond, walnut, geranium, incense cedar and rose. Serum 
produced by a non-pathogenic organism (culture 15) agglutinated only 
eight other non-pathogenic organisms, B. radiobacter and one strain of 
Ps. turnef aciens. 
Passage of istrains of Ps. turnefaciens through tomato plants did not 
affect the agglutinability of the organisms. 
Strains of Ps. fomefaciens consistently produced inf.ection on plants 
of tomato (Lycopersicon esciilentum Mill.), Bryophyllum calycinum Salisb., 
oleander (Neriiim oleander L.) , garden pea (Pisurn sativiirn L.), sweet pea 
(Lathyr.us odorafos L.), castor bean (Riciniis communis L. ) and apple (Py-
riis rnaliis L.). 
The strains of Pseiidomona-s titmefaciens were separated from the 15 
non-pathogenic organisms studied only through their pathogenicity. 
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Furfuryl ester, llO, lll. 
.B-Furylacrylic acid, 109. 
Galeopsis tetrahit L., 264. 
Galinsoga parviflora hispida DC., 267. 
Galium verum L., 266. 
General curvilinear r ectangle, 244. 
Geraniaceae, 261. 
Geranium pusillum, 260. 
Gilia intertexta Benth., 263. 
Gramineae, 249. 
Granulobacter pectinovorum, 59. 
urocephalitm, 59. 
Guttiferaceae, 262. 
Heat Penetration, 7. 
H elianthus annuus L., 266. 
petiolaris Nutt, 266. 
H csperis matronalis L., 258. 
Hibiscits trionum L., 262. 
Hicraciitm florentinum, 269. 
Holcus 'lamatus L., 250. 
Holotype, 51. 
Home Canning, studies in, 7. 
Hordeum jubatum L., 252. 
Hypericum perforatum L., 262. 
Hyphomicrobium, ll5. 
Influence of laundering, 215. 
Inula helenium L., 266. 
Ipomoea hederacea Jacq., 263. 
purpurea (L.), 263. 
Iridaceae, 252. 
Iso-propyl ester, llO, lll. 
Kochia scoparia (L.) Schrad., 254. 
scoparia tricholphila Bailey, 254. 
L abiate, 264. 
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Lactuca scariola L., 269. 
virosa L. (L . scariola integrata Gren. 
and Godr.), 269. 
Lamium amplexicaule L. H enbit, 264. 
Lappula echinata Gilibert, 263. 
Leguminoseae, 259. 
L eonarus cardiaca L., 264. 
sibiricus L., 264. 
L epidium apetalum Willd., 257. 
campestre L., 257. 
draba L., 257. 
perfoliatum L., 257. 
L eptodixtya approximata Stal., 46. 50. 
championi, 46. 
colombiana, 48. 
cretata, 46, 47. 
evidens, 49. 
formosatis, 50. 
fusca, 50. 
grandatis, 47. 48. 
luculcnta, 49, 50. 
madelinae, 47. 
ochropa Stal, 45. 
sodalatis, 48. 
Stal, 45. 
vulgata, 46. 
williamsi, 4 7. 
L eptopharsa calopa, 54 . 
celebratis, 53. 
cubana, 56. 
distantis, 53. 
distinconis, 54. 
elegantula Stal., 53. 
illudens Drake, 52. 
longula Drake, 52. 
manihotae, Drake, 52. 
peruensis, 55. 
Stal, 52. 
t enuatis, 52. 
walcotti, 55. 
Lilaceae, 252. 
Linaceae, 260. 
Linaria vulgaris, 265. 
minor L. ( Chaenorrhinum Lange), 265. 
Linum usitatissimum L., 260. 
Lolium multi flornm L., 252. 
perenne L., 251. 
temulentum L., 252. 
Lonicera sempervircns L., 266. 
tatarica L., 266. 
Lycium halimifolium Mill., 265. 
Lycopersicon esculentum Mill., 271. 
Lynchis alba L., 255. 
latifolia (Mill.), 256. 
Lysimachia nummularia L., 262. 
Maclura pomif era Raf., 253. 
Maintenance of strain specificity, 289. 
Malvaceae, 261. 
Malva rotundifolia L., 261. 
sylvestris L., 261. 
verticillata L., 261. 
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Marubium v1tlgare L., 264. 
Matricaria suaveolens (Pursh) Buchenau 
(M. discoidea DC.), 267. 
Medicago falcata L., 260. 
lupulina L., 260. 
sativa L., 260. 
Melilotus alba Desr. 260. 
officinalis (L.), 260. 
Mentha gentilis L., 264. 
piperita L., 264. 
spicata L., 264. 
Methyl ester, 109, 111. 
Mollugo verticillata L., 255. 
Monanthia approximata Stal., 46. 
Moraceae, 253. 
Morus alba L., 253. 
N ectocader, n. gen., 41. 
germaini (Signoret), 41. 
gounellei (Drake), 41. 42. 
tingitoides (Spinola), 42. 
Nepeta cataria L., 264. 
hederacea (L.) Trevison, 264. 
Nicotiana tabacum L., 272. 
Nitrifying organisms, 113. 
Nitrobacter, 115, 117. 
oligotrophum, 117. 
polytrophum, 117. 
Nitromicrobium, 115. 
Nitroso·bacterium, 116. 
N itrosococc1ts, 118. 
Nitrosomonas, 114. 
Non-pathogenic organisms, 271. 
Nyctotingis Drake, 42. 
osborni, Drake, 42. 
OEnothera laciniata Hill, 262. 
nuttalii Sweet, 262. 
Onograceae, 262. 
Onopordon acanthium L., 268. 
Optically active compounds, 227. 
Oxidase, 29. 
Panicum miliaceum L., 249. 
Papaveraceae, 256. 
Paraisotricha colpoidea, 102. 
Pastinaca sativa L., 262. 
Pectin-fermenting bacteria, 57. 
Pectinobacter amylophilu111, 61. 
Pectobacillus, 61. 
Pclargonfom hortorum Bailey, 271. 
Perfumes, 109. 
Phleum pratense L., 250. 
Phlox paniculata L., 263. 
subulata L., 263. 
Physalis alkekengi L., 265. 
ixocarpa Brotero, 265. 
Picris echioides L ., 268. 
Piesma tingitoides Spinola, 42. 
Plantaginaceae, 266. 
Plantago eriopoda Torr., 266. 
lanceolata L., 266. 
Poa annua L., 250. 
compressa L., 251. 
pratensi.~ L., 251. 
trivialis L., 251. 
Polemoniaceae, 263. 
Polygonaceae, 253. 
Polygonum convolvulus L., 253. 
orientale L., 253. 
persicaria L., 253. 
Populits alba L., 252. 
candicans L., 252. 
Portulacaceae, 256. 
Portulaca oleracea L., 256. 
Potentilla recta L., 259. 
Primulaceae, 262. 
n-Propyl ester, 111. 
Prunus cerasus L., 259. 
persica (L.) Stokes, 259. 
Pseudomonas campestris, 59. 
tumefaciens Sm. and Town., 271, 277. 
Pyrus malus L., 259, 272. 
baccata L., 259. 
Radicitla armoracia (L.), 258. 
nastiirtium-aquaticum (L.), 258. 
sylvestris (L.), 258. 
Ranunculaceae, 256. 
Ranunculus acris L., 256. 
Raphanus raphanistrum L., 257. 
Rhamnaceae, 261. 
Rhamnus cathartica L., 261. 
Rhizobium leguminosam111, 288. 
Rhizopus, 59. 
Ribes odoratum Wend., 259. 
Robinia pseudo-acacia L., 260. 
hispida L., 260. 
Rosaceae, 259. 
Rosa rubiginosa L., 259. 
Rubiaceae, 266. 
Rumex acetosella L., 253. 
crispus L., 253. 
obtusifolius L., 253. 
patientia L., 253. 
Saccharomyces ellipsoideus, 59. 
Salicaceae, 252. 
Salix alba-vitellina (L.) Koch, 252. 
Salsola kali tenuifolius G. F. W. Meyer, 
254. 
Salvia sylvestris L., 264. 
Saponaria officinalis L., 256. 
vaccaria L., 256. 
Saxifragaceae, 259. 
Scrophulariaceae, 265. 
S ecale cereale L., 252. 
Sedum purpureitm Tausch. 258. 
Serological agglutination tests, 280. 
Setaria glaitca (L.) Beauv., 249. 
italica germanica (Willd.) Richter, 2GO. 
italica L. Millet, 249. 
verticillata (L.) Beauv., 249. 
viriais (L.) Beauv., 249. 
Shears, 238. 
Sida spinosa L., 261. 
Silene cserei Baumg., 255. 
dichotoma Ehrh., 255. 
noctiflora L., 255. 
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S isymbrium altissiwm L. ( N orta, Britton), 
258. 
officinale leiocarpum DC., 258. 
sophia L., 258. 
thalianum (L.), 258. 
Solanaceae, 264. 
Solanum carolinense L., 265. 
citrullifolium A. Br., 265. 
dulcamara L ., 264. 
jamesii Torr., 265. 
rostratum Dunal., 265. 
sisymbriifolium Lam., 265. 
tri florum Nutt., 264. 
S onchus arvensis L., 269. 
asper L., 269. 
oleraceus L., 269. 
Sorbus aucuparia L., 259. 
Sphaerocysta egregia, 44. 
fumosa, 44. 
globiffera (Stal.), 42, 43. 
inflata biseriata, 43. 
Stal, 42. 
stali, 43. 
Sporobolus asperifolius (Nees and Meyer), 
250. 
Stellaria graminea L., 255. 
media (L.) Cyrill., 255. 
Suctoria, 101. 
Symphoricarpos racemosus laevigatus F er-
nald. (S. albus laevigatus Blake), 266. 
Tanacetum vulgare L., 267. 
Taraxacum erythrospermum Anderz., 269. 
officinale Weber, 269. 
Thermal, 5. 
Thlapsi arvense L., 257. 
'l'ingiticlae, 41. 
Torilis authriscus (L.), 262. 
Torque, 236. 
'£orsion Problem, 231. 
Trapogon prntensis L., 268. 
Tribulus t errestris L., Caltrop, 261. 
Tri foliwm agrarium L., 260. 
arvense L., 259. 
hybridiim L., 259. 
incarnatmn L., 259. 
pratense L., 259. 
procmnbens L., 260. 
repens L., 259. 
Ult ra-violet light, 5. 
Umbellifereae, 262. 
Urticaceae, 253. 
Urtica iirens L., 253. 
Usti lago zeae (Beckm. Unger), 177. 
Verbascum blattaria L., 265. 
thapsus L ., 265. 
V erbena hy brida Voss, 264. 
Verbenaceae, 264. 
V eronica arvensis L., 266. 
tournefortVi C. C. Gmelin (V. persica 
Poir), 266. 
Vertieal displacement, 239. 
Vicia sativa L., 260. 
villosa Roth., 260. 
V.incetoxicum carolinense (Jacq.) Br~tton, 
263. 
X anthium spinosmn L ., 266. 
Zatingis, 44. 
extraria, 45. 
Zeae Mays, 177. 
Zygophyllaceae, 261. 
